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FOREWORD 


This  volume  represents  a  great  part  of  the  research 
effort  of  the  US  Army  Surgical  Research  Unit,  Fort  Sam 
Houston,  Texas.  It  does  not  include  those  studies  which  are 
just  beginning  and  much  data  and  many  impressions  gathered 
indirectly  in  pursuit  of  these  projects  but  not  bearing  on 
the  specific  problem  significantly. 

It  is  anticipated  that  in  the  immediate  future  years 
there  will  be  two  major  changes  in  respect  to  this  annual 
report . 

The  first  relates  to  distribution  of  the  report  which  is 
to  be  severely  restricted.  The  reason  for  this  primarily  is 
that  it  is  being  wasted  on  individuals  and  installations  who 
either  do  not  comprehend  what  is  contained  therein  or,  as  is 
most  often  the  case,  do  not  read  it.  While  all  of  the  proj¬ 
ect  reports  do  not  relate  directly  to  nor  can  the  informa¬ 
tion  be  applied  d:rectly  to  clinical  situations  important  in 
military  medicine,  there  are  areas  in  which  such  actually  is 
the  case.  In  spite  of  this,  the  information  has  yet  to  be 
utilized  by  any  other  than  a  few  interested  individuals. 

For  this  reason,  only  those  latter  persons  are  to  receive 
the  annual  report  after  this  :ssue  and  a  direct  request  to 
this  office  will  be  required  for  its  release. 

The  second  anticipated  change  concerns  volume  and 
quality  of  subsequent  reports.  It  is  l'kely  that  both  will 
decrease  sharoly  in  the  next  few  months  and  will  justify 
only  sporadic  reports.  The  basis  for  this  is  the  personnel 
policies  which  are  indiscriminantly  decimating  the  research 
effort  in  thij  installation.  While  such  programs  can  be 
readily  justified  by  those  responsible  for  the  actions, 
such  explanations  do  nothing  to  enhance  research  activity. 


Little  can  be  said  that  would  adequately  express  my 
own  admiration  and  gratitude  to  those  whose  efforts  have 
made  this  annua!  report  possible.  It  is  hoped  that  others 
will  benefit  from  these  eff 
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JHN  A.  MONCRIEF 
_ Colonel ,  MC 
Commander  and  Director 
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This  annual  progress  report  is  a  summary  of  the  clinical 
experiences  accrued  in  management  of  patients  with  thermal 
injuries  admitted  to  and  discharged  from  the  Burn  Study  Branch 
of  the  Surgical  Research  Unit  In  the  calendar  year  1965.  The 
mission  of  the  Burn  Center  is  described,  current  modes  of 
therapy  outlined,  and  investigative  projects  and  teaching 
functions  explained.  Statistical  data  are  provided  for  com¬ 
parison  with  the  experiences  of  previous  years. 

As  in  1964,  the  number  of  admissions  for  the  year  again 
reached  a  new  high,  but  more  important  was  maturation  of  an 
improved  burn  management  program  begun  In  the  year  1964  which 
achieved  a  marked  Increase  In  burned  patient  survival.  This 
program,  continued  In  1965,  employs  topically  applied 
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CLINICAL  OPERATION,  BCN  CENTER 


The  primary  responsibilities  of  the  Burn  Study  Branch 
of  the  US  Army  Surgical  Research  Unit  are  to  provide 
spe  iallzed  care  for  patients  with  thermal  injuries,  to 
conduct  clinical  Investigative  studies  pertinent  to  burn 
problems,  and  to  teach  and  train  others  in  this  special 
field  of  trauma. 

The  Burn  Service,  as  a  section  of  the  Clinical  Oi vision 
of  the  unit,  is  physically  located  in  Brooke  General  Hospital 
and  functions  as  an  Armed  Forces  specialty  center  for  cases 
of  thermal  trauma.  Patients  authorized  care  in  this  facility 
are  active  duty  or  retired  military  personnel  and  their  de¬ 
pendents,  benef iciaries  of  the  Veterans  Administration,  bene¬ 
ficiaries  of  the  Bureau  of  Employees'  Compensation,  and 
American  Indians  and  Eskimos.  Patients  are  acquired  from 
the  local  area,  from  all  sections  of  the  United  States,  and 
from  mi li tary  overseas  faci lities.  Rapid,  long-distance 
aerial  transportation  is  provided  by  the  Air  Force  Military 
Airlift  Command,  which  permits  safe  evacuation  early,  in  the 
postburn  period  if  resuscitative  efforts  are  adequate  and 
continuous.  In  urgent  situations,  a  Surgical  Research  Unit 
burn  team  will  fly  to  any  location  within  the  continental 
United  States  to  evaluate  and  return  burned  patients  to  the 
unit,  providing  treatment  en  route.  During  1965,  burn  teams 
made  5U  aerial  trips  to  distant  bases,  safely  evacuating 
64  patients. 

Principles  of  Management 

Upon  sdttlsslon  to  the  Burn  Center,  a  patient  with  a 
major  thermal  injury  is  examined  to  (1)  appraise  the  patient's 
general  physical  status,  (2)  determine  the  presence  or  ab¬ 
sence  of  associated  injuries,  and  (3)  estimate  the  extent  and 
depth  of  the  burn. 

A  history  is  obtained,  with  particular  reference  to  the 
time  and  ci rcumstances  of  the  present  injury,  and  the  presence 
of  cardiac,  respiratory,  renal,  hepatic  or  allergic  disease. 
Blood  and  urine  samples  are  obtained  for  analysis,  and  a  chest 
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This  annual  progress  report  is  a  summary  of  the  clinical 
experiences  accrued  In  management  of  patients  with  thermal 
injuries  admitted  to  and  discharged  from  the  Burn  Study  Branch 
of  the  Surgical  Research  Unit  in  the  calendar  year  1965.  The 
mission  of  the  Burn  Center  is  described,  current  modes  of 
therapy  outlined,  and  investigative  projects  and  teaching 
functions  explained.  Statistical  data  are  provided  for  com¬ 
parison  with  the  experiences  of  previous  years. 

As  In  1964,  the  number  of  admissions  for  the  year  again 
teached  a  new  high,  but  more  important  was  maturation  of  an 
improved  burn  management  program  begun  in  the  year  1964  which 
achieved  a  marked  increase  in  burned  patient  survival.  This 
program,  continued  in  1965,  employs  topically  applied 


sulfamylon  and  special  techniques  of  homografting, 

the  combination  of  which  has  effectively  controlled  lethal 

burn  wound  sepsis. 


(1)  Thermal  Injury  (4)  Homograft  (7)  Mortality 

(2)  Topical  Therapy  (5)  Heterograft 

(3)  Autograft  (6)  Resuscitation 


*  Supplied  by  Sterling-Winthrop  Research  Institute, 
Rensslaer,  New  York. 


f 


1-1 


CLINICAL  OPERATION,  BURN  CENTER 


The  primary  responsibilities  of  the  Burn  Study  Branch 
of  the  US  Army  Surgical  Research  Unit  are  to  provide 
specialized  care  for  patients  with  thermal  injuries,  to 
conduct  clinical  investigative  studies  pertinent  to  burn 
problems,  and  to  teach  and  train  others  in  this  special 
f i el d  of  trauma. 

The  Burn  Service,  as  a  section  of  the  Cl in’ cal  Division 
of  the  unit,  is  physically  located  in  Brooke  General  Hospital 
and  functions  *s  an  Armed  Forces  specialty  center  for  cases 
of  thermal  trcjma.  Patients  authorized  care  in  this  facility 
are  active  duty  or  retired  military  personnel  and  their  de¬ 
pendents,  beneficiaries  of  the  Veterans  Administration,  bene¬ 
ficiaries  of  the  Bureau  of  Employees'  Compensation,  and 
American  Indians  and  Eskimos.  Patients  are  acquired  from 
the  local  area,  from  all  sections  of  the  United  States,  and 
from  mi litary  overseas  faci li ties.  Rapid,  long-distance 
aerial  transportation  is  provided  by  the  Air  Force  Military 
Airlift  Command,  which  permits  safe  evacuation  early,  in  the 
postburn  period  if  resusci tati ve  efforts  are  adequate  and 
continuous.  In  urgent  situations,  a  Surgical  Research  Unit 
burn  team  will  fly  to  any  location  within  the  continental 
United  States  to  evaluate  and  return  burned  patien.s  to  the 
unit,  providing  treatment  en  route.  During  1965,  burn  teams 
made  50  aerial  trips  to  distant  bases,  safely  evacuating 
64  patients. 

Principles  of  Management 

Upon  admission  to  the  Burn  Center,  a  patient  with  a 
major  thermal  injury  is  examined  to  (1)  appraise  the  patient's 
general  physical  status,  (2)  determine  the  presence  or  ab¬ 
sence  of  associated  injuries,  and  (3)  estimate  the  extent  and 
depth  of  the  hum. 

A  history  is  obtained,  with  particular  reference  to  the 
time  and  circumstances  of  the  present  *  jury,  and  the  presence 
of  cardiac,  respiratory,  renal,  hepatic  or  allergic  disease. 
Blood  and  urine  samples  are  obtained  for  analysis,  and  a  chest 
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x-ray  and  electrocardiograph  tracing  taken.  Initial  thera¬ 
peutic  efforts  are  concentrated  on  an  intensive  resusci- 
tative  regimen  of  appropriate  intravenous  solutions.  The 
effectiveness  of  the  therapy  is  determined  by  observation 
of  the  vital  signs,,  urinary  volume  and  concentration,  central 
venous  pressure,  hemoconeentration,  status  of  the  peripheral 
circulation,  and  the  patient's  appearance  and  mental  status. 

Airway  compromise  associated  with  burns  of  the  head  and 
neck  is  managed  by  tracheostomy  at  the  level  of  the  second 
or  third  tracheal  rings;  at.  lower  levels,  the  tracheostomy 
tube  may  impinge  on  the  carina,  causing  bronchospasm,  or 
enter  a  main  stem  bronchus,  producing  obstruction.  Com¬ 
plications  of  the  procedure  such  as  pneumothorax,  hemorrhage 
or  invasive  infection  may  produce  significant  morbidity  or 
even  mortal i ty. 

After  resuscitation  measures  are  under  way,  the  entire 
burn  wound  is  washed  with  pHisoHex  solution  and  debrided  to 
remove  necrotic  tissue  and  to  permit  nv:-”e  accurate  assessment 
of  burn  depth.  Intravenous  medication  may  be  required  to 
allay  the  discomfort  of  debridement,  but  general  anesthesia 
is  rarely  Indicated  and  may  be  hazardous  at  this  time. 

With  patient  evaluation  completed,  it  is  possible  to 
plan  a  rational  approach  to  future  management  of  the  burn 
injury,  ror  the  purposes  of  description,  the  improved  burn 
wound  management  program  initiated  in  1964  and  continued  in 
1965  may  be  divided  into  four  overlapping  phase'-; 

(1)  Su  If  amyl  on  phase. 

(2)  Homografting  (or  heterograf ting)  phase. 

(3)  Autegrafting  phase. 

(4)  Rehabili ration  phase. 

The  success  of  the  program  is  indicated  by  an  improvement  in 
the  overall  mortality  rate  from  an  average  of  38  per  cent  in 
the  years  1962-1963  to  20  per  cent  in  the  years  1964-1965* 
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Sulfamylon  Phaae 

Jn  the  acute  burn  period,  both  ful 1 -thickness  and  partial¬ 
thickness  burns  are  treated  by  complete  exposure,  early  mo¬ 
tion  cf  functional  areas  and  daily  hydrotherapy.  Blood  agar 
plate  cultures  are  taken  from  representative  areas  of  the  sur¬ 
face  of  the  burn  wound  for  bacteriological  study,  following 
which  the  entire  burned  area  is  coated  with  a  10  per  cent 
Sulf  mylon  hydrochloride*  preparation.  The  use  of  topical 
Sulfemyion  in  1964  and  1965  represented  an  important  change  in 
the  therapeutic  regimen  for  thermal  injury  patients  and  was 
instituted  as  *a  method  for  control  of  infection  in  the  burn 
wound.  Prior  to  using  Sulfamylon  on  human  burn  injuries,  a 
detailed  and  controlled  study  had  been  done  utilizing  a  burned 
and  contaminated  animal  model.  The  results  of  this  investiga¬ 
tion  demonstrated  marked  inhibition  of  bacterial  growth  with 
nearly  IOC  per  cent  survival  of  treated  animals  as  compared 
with  invasive  burn  wound  infection  and  death  in  almost  all 
untreated  animals.  Clinical  trials  in  December  1963  on  pa¬ 
tients  with  serious  thermal  injuries  were  so  impressive  that 
topical  Sulfamylon  was  adopted  as  part  of  the  standard  regi¬ 
ment  for  burned  patient  care  in  1964  and  continued  in  1965. 

The  Sulfamylon  hydrochloride  compound  is  prepared  for 
clinical  use  by  personnel  of  the  laboratory  of  the  Surgial 
Research  Unit.  The  basic  drug  is  obtained  in  powder  form  and 
blended  into  a  water-soluble  pharmaceutical  base  in  a  ratio 
of  10  grams  of  Sulfamylon  hydrochloride  powder  to  90  grams 
of  base.  The  cream  is  usually  applied  to  the  entire  burn 
wound  by  sterile  gloved  hand  or  suitable  spatula  on  a  twice- 
a-day  schedule  until  the  coogulum  of  the  partial -thickness 
burn  or  the  eschar  of  a  ful 1 -thickness  Injury  separates  from 
the  underlying  viable  tissue.  The  drug  is  then  discontinued 
and  the  wound  prepared  for  initial  homografting  by  cleansing 
the  wound  of  Sulfwylon  and  loose  debris  with  saline  solution. 
In  addition  to  the  topical  therapy,  the  patient1*  burn  wound 
Is  cleansed  dally  In  the  Hubbard  tank,  whirlpool  or  shower  and 
gentle  surgical  debridement  accomplished  along  with  ap¬ 
propriate  physical  therapy  exercises. 


★  Supplied  by  Starling  Winthrop  Research  Institute, 
Rensselaer,  New  York. 


Sulfamylon  hydrochloride  in  a  water-soluble  base  has 
several  characteristics  which  make  it  desirable  as  a  topical 
agent  for  control  of  burn  wound  sepsis.  The  finished  pro¬ 
duct  is  inexpensive,  stable  at  room  temperature,  white  in 
color,  has  the  consistency  of  thick  cold  cream,  and  spreads 
easily  and  smoothly  over  the  burn  surface.  The  10  per  cent 
concentration  is  readily  absorbed  into  the  burn  wound, 
effectively  inhibiting  gram-negative  bacterial  colonization 
and  proliferation.  The  drug  is  absorbed  into  the  systemic 
circulation  but  is  rapidly  deaminated,  and  blood  levels  of 
Sulfamylon  as  such  are  difficult  to  identify.  Crystalluria 
is  not  seen. 

Sulfcmylon  does  have  several  undesirable  features. 

From  the  standpoint  of  the  patient,  there  is  considerable 
pain  when  the  drug  is  applied  to  second-degree  burns  within 
the  first  several  days  postinjury.  Allergic  skin  reactions 
manifested  by  urticaria  and  a  maculopapular  rash  occur  in 
approximately  5  per  cent  of  patients.  The  exact  incidence 
of  allergic  reactions  due  to  Sulfamylon  is  difficult  to 
identify  precisely,  since  these  patients  have  usually  re¬ 
ceived  a  variety  of  medications  which  could  have  produc-  a 
drug  rash.  The  pain  problem  is  treated  by  appropriate 
analgesics,  and  the  allergic  reactions  by  removal  of  the 
Sulfamylon  from  the  burn  wound  and  antihistaminics.  In  two 
patients,  steroid  therapy  was  required  for  treatment  of  an 
exfoliative  dermatitis  probably  associated  with  the  Sulfa- 
myion  therapy. 

The  most  serious  complication  of  Sulfamylon  therapy  is 
the  development  of  a  hyperchloremic  metabolic  acid^is  in 
patients  with  large  body  surface  injuries  which  is  secondary 
to  absorption  of  hydrogen  and  chloride  ions  from  the  sulfa 
molecule,  the  formation  of  an  acid  p-carboxysulfonamide 
degradation  product  and  the  inhibition  of  carbonic  anhy> 
drasa  activity  in  the  renal  tubules.  While  patients  with  an 
intact  respiratory  tree  ordinarily  compensate  for  the  in¬ 
creased  acid  toad  by  increased  CO2  expiration,  those  with 
significant  pulmonic  complications  resulting  from  inhalation 
injury  or  pneumonia  are  unable  to  compensate  and  become 
quite  acidotic.  If  this  occurs,  the  drug  is  removed  from 
i  the  patient's  burned  areas  by  washf  <g  wit.  a  mild  detergent, 
and  sodiun  bicarbonate  buffer  is  given  intravenously.  It 
is  interesting  that  children  have  a  lesser  tendency  toward 
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the  acidotic  complication  than  adu't  patients)  the  reason 
for  this  tolerance  is  not  clear  but  may  be  due  to  better 
tracheobronchial  function  than  that  of  adults  who  have  vary¬ 
ing  degrees  of  chronic  bronchitis,  emphysema  or  other  low- 
grade  pulmonary  injury. 


Separation  of  the  devitalized  burned  tissue  of  Sulfamylon- 
treated  wounds  occurs  somewhat  more  slowly  than  in  similar 
wounds  not  treated  with  Su If amyl on  in  which  bacterial  activity 
is  unrestri cted.  Since  treated  patients  are  less  septic  and 
in  generally  better  physical  condition  throughout  their  hos¬ 
pital  course,  the  Increased  time  required  for  eschar  separa¬ 
tion  has  been  acceptable. 


(or  Heterograft)  Phase 


As  the  ceagulum  of  partial -thickness  or  eschar  of  full- 
thickness  burn  injuries  separates,  the  underlying  denuded 
area  is  covered  with  viable  homograft,  lyopMlized  homograft 
or  canine  heterograft,  effecting  a  gradual  closure  of  the 
wounds,  fresh,  viable  cutaneous  homograft  occasionally  Is 
obtained  from  living  donors,  but  suitable  cadaver  donors  * 
are  equally  acceptable  and  provide  the  main  source  of  homo¬ 
graft  for  the  burn  ward  requirements.  If  special  permission 
to  take  hcmogreft  Is  obtained  from  the  next-of-kin  of  the 
deceased,  the  body  is  taken  to  the  Surgical  Reseerch  Unit 
operating  roam  where  It  .s  shaved,  prepared  and  draped.  Skin 
grafts  approximately  O.OiO-ln.  thick  are  cut  from  all  available 
areas  with  an  electric  dermatome,  spread  on  lightly  Impregnated 
petrolatum  gauza,  folded,  and  placed  In  large  Petri  dishes* 
Penicillin  and  streptomycin  are  added,  the  dishes  sealed, 
labeled  and  stored  in  a  refrigerator  at  4®C.  Craft  viability 
decreases  rapidly  after  three  days,  but  satisfactory  takas  may 
be  obtained  for  a  week  or  more  after  removal  from  the  donor. 


Lete  In  19^5*  •  project  was  undertaken  with  the  Tissua 
Bank  at  the  Bethesda  National  Naval  Hedlcal  Center  to  deter¬ 
mine  the  usefulness  of  lyophlllted  hcmogreft  prepared  by  the 
Tissue  Bark  on  patients  with  thermal  Injuria*.  These  skin 


*  Unsuitable  donors  are  those  who  have  skin  lesions, 
a  history  cf  hepatitis,  or  who  expire  from  infection  or 
lymphomatous  disease. 
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grafts  are  taken  from  cadaver  donors,  frozen  rapidly  in  a 
vacuum,  and  stored  at  room  temperature  in  a  vacuum  bottle. 

When  one  desires  to  use  the  grafts,  they  are  removed  from 
the  vacuum  bottle,  reconstituted  in  normal  saline  solution, 
and  placed  on  the  wound  area  in  precisely  the  same  manner 
as  viable  homografts.  Freeze-drying,  of  course,  destroys 
the  graft  viability  but  does  permit  one  to  store  the  materials 
for  an  indefinite  period  of  time  at  room  temperature.  At 
present,  it  appears  that  lyophilized  grafts  provide  a  satis¬ 
factory  cover  for  burn  wound  surfaces  but  do  not  adhere  as 
readily  or  stay  intact  as  long  as  viable  homografts. 

When  homograft  is  not  available  in  sufficient  quantity 
to  meet  patient  . equirements,  canine  heterograft  provides 
a  satisfactory  substitute.  These  split- thick ness  grafts  ere 
taken  in  the  unit  laboratory  operating  room  from  healthy 
animals  which  are  clipped,  shaved,  scrubbed  with  soap  solu¬ 
tion,  dipped  in  alcohol,  and  draped  with  sterile  sheets. 

The  grafts  are  taken  with  an  electric  dermatome,  spread  on 
gauze,  placed  in  Petri  dishes,  labeled  and  stored  in  a 
refrigerator  at  4oC.  as  with  homografts.  The  heterografts 
are  applied  in  the  same  way  and  under  the  same  circumstances 
as  homografts,  providing  excellent  coverage  for  a  period  up 
to  four  days  after  application. 

Both  second-  and  third-degree  burned  areas  often  re¬ 
quire  one  or  more  applications  of  homograft  before  epithelial- 
izati  on  from  remaining  dermal  elements  has  been  completed  in 
the  partial-thickness  burn  or  before  thu  granulating  bed 
of  a  third-degree  burn  is  ready  for  autografting.  If  purulent 
materia?  or  other  debris  accumulates  uMer  the  homograft,  the 
skin  is  peeled  from  the  site  the  area  debrided,  and  fresh 
homograft  reapplied.  Prolonged  taka  of  the  homografts  or 
heterografts  leading  to  rejection  is  avoided  by  removing  the 
grafts  no  later  than  five  days  after  application.  If  the 
grafts  are  permitted  to  remain  in  place  longer  than  this 
period  of  time,  they  become  so  adherent  that  removal  from 
the  recipient  bed  is  technically  impossible.  If  this  occurs, 
ona  has  no  altarnative  but  to  tet  the  grafts  go  on  to 
rej  action. 


n 

V/ 


Autograft ing  Phase 
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When  a  good  homograft  take  is  obtained  on  an  area  of 
full -thickness  loss,  autografting  is  done.  The  homograft  is 
removed  as  described  above,  exposing  an  almost  sterile, 
tacky,  wel 1 -vascularized  granulating  surface  on  which  auto¬ 
graft  will  take  with  minimal  or  no  loss.  The  exposed  wound 
requires  no  washing  but  should  be  kept  moist  during  the  auto- 
grafting  procedure  with  saline-dampened  pads.  The  grafts  need 
no  sutures,  and  dressings  are  not  applied  unless  mechanical 
dislodgement  would  occur  because  of  the  anatomical  area  grafted. 
If  dressings  are  placed  to  prevent  graft  dislodgement,  a  dress¬ 
ing  change  is  accomplished  on  the  second  or  third  day  post¬ 
grafting  to  inspect  the  area  and  accomplish  any  debridement 
that  may  appear  necessary.  Only  a  modest  amount  of  care  is 
required  when  the  dressing  change  is  done  to  avoid  graft  dis¬ 
ruption.  If  graft  take  is  satisfactory,  dressings  are  re¬ 
applied  for  another  two-  or  three-day  period,  following  which 
the  wounds  are  exposed  and  treated  without  dressings.  If 
the  first  dressing  change  is  not  accomplished  within  two  or 
three  days  after  the  grafting  procedure  loculated,  purulent 
accumulations  beneath  the  autograft  may  extend  unobserved 
and  destroy  a  good  autograft  take  in  adjacent  areas. 

When  patients  have  Urge  burn  injuries,  available  auto¬ 
graft  is  often  inadequate  to  cover  all  areas  of  ful 1 -thickness 
loss.  This  situation  is  managed  in  one  of  two  ways;  usually, 
homograft  is  reapplied  at  five-day  intervals  until  original 
donor  areas  have  healed  and  may  be  used  once  again  as  donor 
sites.  A  second  method  is  to  permit  the  hamograft  to  go  to 
rejection;  when  rejection  is  completed,  the  granulating  sur¬ 
face  is  re-prepared  with  hemograft  and  autografting  done  be 
recropping  the  original  donor  sites. 

Rehabilitation  Phase 


Completion  of  wound  heeling  is  followed  by  intensifica¬ 
tion  of  the  physical  therapy  end  rehabilitation  program 
which  has  bean  under  way  since  adnission  of  the  patient  to 
the' unit.  During  the  acuta  period  of  wound  care,  exercises 
appropriate  * o  the  patient's  physical  condition  are  given  at 
the  bedside  or  in*the  physical  therapy  section  to  maintain 
joint  function  and  muscle  tone.  Despite  diligent  efforta, 
some  debilitation  does  occur  and  must  be  corrected  prior  to 


patient  discharge.  A  progressive  program  of  exercise  and 
reconditioning  is  employed  using  the  facilities  of  both 
the  Surgical  Research  Unit  and  occasionally  the  Physical 
Medicine  Service  of  Brooke  General  Hospital,  where  more 
specialized  equipment  is  available.  Often  the  combined  ef¬ 
forts  of  the  occupational  and  physical  therapists  of  the 
unit  are  utilized  to  construct  special  splints  and  other 
devices  on  an  individual  patient  basis  as  an  aid  to 
rehabilitation. 

A  discussion  of  burned  patient  management  would  be  in¬ 
complete  without  comments  relative  to  the  problems  of  weight 
loss  and  nutrition.  Metabolic  studies  at  this  unit  a  decade 
ago  demonstrated  persistent  and  irreversible  negative 
nitrogen  balance  in  all  patients  with  severe  thermal  in¬ 
juries  until  healing  had  occurred. 

A  significant  factor  contributing  to  weight  loss  during 
the  acute  burn  period  is  associated  with  maintenance  of  core 
temperature  in  the  face  of  large  evaporative  water  losses 
from  the  burn  wound.  Although  healing  occurs  and  grafts  take 
despite  negative  nitrogen  balance  and  weight  loss,  patients 
who  eat  well  or  whose  caloric  Intake  is  supplemented  by  tube 
feedings  become  less  debilitated  and  recover  more  rapidly 
than  those  with  less  adequate  nutrition.  For  these  reasons, 
many  patients,  both  adults  and  children,  are  fed  a  homogenized 
regular  diet  through  an  indwelling  nasogastric  catheter  when 
spontaneous  Intake  is  Inadequate.  Experience  with  various 
t'be  feedings  indicates  that  the  homogenized  regular  diet  is 
better  tolerated  than  the  special  high-caloric  formulae 
available  from  commercial  sources  which  often  produce  diarrhea 
The  homogenized  regular  diet  gives  the  patient  approximately 
one  calorie  per  cubic  centimeter  of  fluid,  which  is  fairly 
adequate  from  a  nutritional  standpoint  and  rarely  induces 
diarrhea.  Other  important  factors  In  preventing  nutritional 
deficits  are  a  decrease  In  the  number  of  operative  procedures 
requiring  general  anesthesia  and  the  use  of  the  anenthetic 
agent  Fluothane  *  when  anesthesia  is  necessary,  from  which  pa¬ 
tients  awaken  qul'kly  and  without  side  effects  of  nausea  or 
emesis. 

*  Hyerat  laboratories,  New  York,  N.Y. 
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Clinical  Research  Projects 

Investigation  of  renal  plasma  flow  in  the  acute  burn 
period  was  begun  on  selected  patients.  A  formal  project 
utilizing  viable  homograft  on  fresh  second-degree  burns 
proved  both  interesting  and  promising. 

Complicated  studies  on  cardiac  output  and  blooo  volume 
determinations  were  carried  out  on  a  few  selected  burned  pa¬ 
tients.  Although  these  studies  are  incomplete,  it  has  been 
observed  that  a  marked  fall  in  cardiac  output  may  occur  in  the 
absence  of  obvious  clinical  signs  and  that  the  cardiac  output 
may  be  increased  by  the  use  of  vasodilator  agents  if  ade¬ 
quate  intravenous  fluid  therapy  is  maintained. 

A  continuation  of  the  project  on  the  immunological 
response  in  burned  patients  has  demonstrated  the  ability  of 
severely  burned  patients  to  develop  a  marked  increase  in 
antibody  titer  to  an  antigen  to  which  the  patient  has  pre- 
■viously  been  exposed  and  a  failure  to  respond  to  an  antigen 
to  which  the  patient  has  never  been  exposed. 

A  cooperative  study  with  the  Bethesda  Naval  Tissue  Bank 
was  also  undertaken  to  determine  the  feasibility  and  use-  . 
fulness  of  lyophilized  split-thickness  skin  homografts  on 
burned  patients.  This  study  was  followed  with  appropriate 
biopsy,  bacteriological  and  photographic  efforts. 

Educati on 


In  1965,  two  general  surgery  residents  from  the  Brooke 
General  Hospital  residency  program  participated  in  the 
clinical  functions  of  the  Burn  Service.  These  officers 
served  a  three-month  rotation  on  the  burn  ward,  assuming 
direct  patient  responsibility  under  the  supervision  of  the 
permanent  staff.  A  senior  medical  studdnt  from  the  University 
of  Texas  Medical  Branch  at  Galveston  was  employed  for  two 
months  as  a  clinical  clerk  on  Ward  IbA. 

More  than  350  physicians  from  varying  parts  of  the  United 
States  visited  the  ward,  in  addition  to  2 k  physicians  from  14 
foreign  countries  including  Belgium,  Brazil,  Canada,  Ganaarty, 


Great  Britain,  India,  Ireland,  Israel,  Japan,  Pakistan,  Peru, 
Portugal,  Sweden  and  Venezuela.  Considerable  effort  is 
expended  by  the  personnel  of  the'ward  to  conduct  these  tours 
and  provide  detailed  information  which  the  visitors  seek. 

Staff  members  participated  in  numerous  local,  regional 
and  national  medical  meetings,  presenting  material  on  thermal 
injury  problems  to  approximately  3*500  physicians,  nurses 
and  lay  people. 

An  active  in-service  training  program  for  nurses,  thera¬ 
pists,  and  enlisted  technicians  continued  to  provide  prac¬ 
tical  and  current  information  necessary  for  good  patient  care. 
Instruction  was  given  by  experienced  physicians,  nurses  and 
enlisted  specialists  of  the  unit  in  ail  aspects  of  patient 
management,  using  appropriate  visual  aids,  demonstrations,  and 
bedside  teaching.  The  Nursing  Service  Branch  of  the  unit  also 
conducted  orientation  lectures  on  burned  patient  care  for 
numerous  nursing  personnel  of  the  Air  Force  flight  nurse 
training  program  and  other  groups. 

Statistical  Resume 

During  the  calendar  year  1965,  174  patients  were  ad¬ 
mitted  for  treatment  of  burn  injuries,  more  than  for  any 
previous  year  in  the  history  of  the  unit.  There  were  159 
patient  dispositions,  including  33  deaths,  for  an  overall 
mortality  rate  of  20.7  per  cent.  Of  the  disposition  group, 

115  patients  were  male  and  44  were  female,  with  an  age  range 
varying  from  42  days  to  75  years.  Forty-five  patients  were 
less  than  10  years  of  age,  and  11  patients  were  50  years  of 
age  or  more.  The  average  nunber  of  days  hospitalized  was  51. 
Patients  were  received  from  all  Army  areas  of  the  con¬ 
tinental  United  States  and  from  Europe,  Alaska,  the  Far  East, 
and  the  Caribbean.  Forty  patients  were  active  duty  personnel. 
Including  16  Army,  14  Air  Force,  and  10  Navy.  Sixty-two  pa¬ 
tients  were  military  dependents,  20  ware  beneficiaries  of  the 
Veterans  Administration,  and  37  others  were  in  various 
civilian  categories  (Table  1). 

Causes  of  Injuries,  shown  in  Table  2,  were  flash  or  flams, 
or  a  combination  thareof,  in  125  patiants;  17  patlants  ware 


C>ne  hundred  twenty-five  of  the  159  patients  had  some  third-degree  burn;  in  this  group  of  125  patients,  the 
third-degree  burn  averaged  19.6%. 
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burned  by  hot  liquids,  6  by  electricity,  one  by  steam,  4  by 
chemicals,  and  6  by  contact  with  a  hot  object.  Total  body 
surface  involvement  in  the  159  patients  averaged  33-2  per 
cent,  slightly  higher  than  the  average  burn  in  1964.  One 
hundred  twenty-five  of  the  patients  had  some  ful 1 -thi ckness 
burn,  and  in  this  group,  the  third-degree  loss  averaged 
19.6  per  cent,  substantially  the  same  as  in  1964. 

The  relationship  of  body  surface  invol vementto  mortality 
is  shown  in  Table  3.  There  were  no  mortalities  in  79  pa¬ 
tients  with  burns  totaling  less  than  30  per  cent.  This  is  a 
slight  improvement  over  the  2  per  cent  mortality  rate  in  the 
same  burn  category  for  1964.  In  the  30  to  40  per  cent  burn 
category  in  1965,  there  were  2  deaths  in  a  group  of  25  pa¬ 
tients,  for  a  mortality  rate  of  8  per  cent.  There  were  no 
expirations  in  this  category  in  1964.  Of  the  2  patients 
who  expired,  one  was  a  75-year-old  man  with  a  39  per  cent 
total  burn  who  developed  a  myocardial  infarction,  and  the 
other  a  49-year-old  female  with  a  32  per  cent  burn  who 
developed  acute  hemorrhagic  pancreatitis  complicating  her 
burn  injury.  TWo  of  9  patients  with  total  burns  between 
40  and  50  per  cent  expired,  for  a  mortality  rate  of  22.2  per 
cent,  approximately  the  same  rate  as  for  1964.  Five  of  18 
patients  in  the  50  to  60  per  cent  burn  group  expired,  for  a 
mortality  rate  of  27.8  per  cent,  which  represented  a  con¬ 
siderable  improvement  over  the  70  per  cent  mortality  rate 
in  this  category  for  1964.  There  were  28  patients  with 
burns  greater  than  60  per  cent,  and  24  of  these  expired,  for 
a  mortality  rate  of  85.7  per  cent  compared  with  a  rate  of 
88,8  per  cent  for  27  patients  in  this  category  in  1964. 

Table  4  presents  these  comparisons  in  tabular  form. 

Mortality  rates  for  1965  in  various  age  groups  are  de¬ 
picted  in  Table  5.  In  45  patients  below  the  age  of  10  years, 
the  mortality  rate  was  13*3  per  cent  as  compared  with  11.9 
per  cent  in  42  patients  for  1964.  In  the  age  group  between 
10  and  50  years,  mortality  rates  were  again  very  similar, 
with  2 4.2  per  cent  in  1965  compared  with  20.7  per  cent  in 
1964.  The  older  age  group  of  patients  between  50  and  90 
years  showed  a  disparity  in  mortality  rate  for  the  two  years, 
with  18.1  per  tent  in  1965  compared  with  41.6  per  cent  in 
1964.  This  reduction  may  not  be  significant,  since  the 
total  numbers  of  patients  involved  were  only  11  and  12 
respectively. 
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Table  6  relates  mortality  to  both  age  and  body  surface 
involvement,  and  is  a  more  informative  compilation  than  that 
of  Table  5.  The  reduction  in  mortality  rates  in  nearly 
all  age  brackets  and  burn  categories  seen  in  1964,  in  com¬ 
parison  with  previous  years,  was  again  maintained  in  1965  and 
was  particularly  gratifying  in  the  pediatric  age  group.  In 
1964-1965,  24  children  less  than  10  years  old  with  injuries 
varying  hetween  30  and  60  per  cent  had  an  overall  mortality 
rate  of  8.3  per  cent  compared  with  a  previous  mortality  rate 
of  70  per  cent  for  this  age  group  and  magnitude  of  injury. 

Data  on  survivors  of  major  burns  (in  excess  of  30  per 
cent  of  body  surface)  and  nonsurvi vr^s  since  1955  are 
recorded  in  Table  7.  There  were  47  survivals  for  1965,  a 
sizeable  increase  as  compared  with  any  prior  years,  although 
the  average  size  of  the  burn  injuries  and  the  third-degiee 
component  were  almost  identical  with  previous  years  when 
there  were  fewer  survivals.  The  33  patients  who  expired  had 
burn  injuries  averaging  66  per  cent  of  tocal  body  surface, 
approximately  the  same  as  for  previous  years. 

Of  the  47  survivors  in  1965,  10  were  children  5  y»*rs 
of  age  and  under  (Table  8).  A1 1  of  these  children  were 
treated  by  the  Sulfamylon-homograft-autogr  i>ft  program.  Two 
patients  51  years  of  age  survived,  and  2  patients  2  years 
of  age  survived.  Seventeen  patients  with  burns  of  50  per 
cent  or  over  survived,  a  number  which  far  exceeds  any 
previous  year. 

Complications  in  the  survivor  group  were  nunerous.  Con¬ 
tractures  of  severity  v/ere  seen  in  24  patients,  septic 
chondritis  in  17,  significant  gastrointestinal  bleeding  in 
10  (3  requiring  gastric  resection),  septic  phlebitis  in  6, 
serious  pulmonary  problems  of  various  types  in  5 ,  periar¬ 
ticular  calcification  in  5,  ectropion  .n  5,  sepsis  in  4 
(2  Staphylococcus,  and  2  Staphylococcus  and  Pseudomonas). 

One  or  more  minor  amputations  were  performed  upon  5  patients 
and  major  amputations  upon  3  patients.  Significant  decubitus 
ulcers  were  seen  In  3  patients  and  infected  donor  sites  in 
?  others.  There  was  one  complication  each  of  the  following 
categories:  acute  renal  failure,  peroneal  nerve  palsy, 
generalized  seizures,  cardiac  arrest,  glomerular  nephritis. 
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gross  hema curia,  herpes  zoster,  and  an  infected  incisional 
abdominal  wound.  An  unusual  complication  occurred  in  one 
patient  who  required  removal  of  one  eye  and  developed  a 
severe  corneal  ulcer  in  the  other  secondary  to  the  wearing 
of  contact  lenses  which  were  not  removed  for  several  days 
following  his  injury. 

Table  9  presents  a  summary  of  the  principal  cause  or 
causes  of  death  in  the  33  patients  who  expired,  as  determined 
by  clinical  findings  and  the  31  autopsies  done.  Prior  to 
1964,  the  principal  cause  of  patient  deaths  was  burn  wound 
sepsis.  As  this  problem  was  controlled  with  combined  topical 
therapy  and  covering  of  the  wounds  with  homogrsft  prior  to 
autografting,  a  variety  of  other  conditions  have  tmerged  and 
assuned  lethal  roles.  In  1965,  few  patients  expired  be¬ 
cause  of  a  single  abnormality;  in  the  majority  of  cases, 
there  were  multiple  problems,  and  it  was  often  difficult  to 
determine  which  abnormality  was  primary  in  causing  death. 

It  appears  from  the  records  that  cardiopulmonary  dis¬ 
orders  V'sre  the  inost  common  conditions  causing  or  contributing 
demise.  Pulmonary  congestion  and/or  edema  were  seen  in 
21  ccses,  pneumonia  in  17*  and  myocardial  infarction  in  one. 
Although  vigorous  efforts  were  made  to  treat  pulmonary 
problems  more  effectively,  little  progress  was  made.  Sig¬ 
nificant  gastrointestinal  disease  included  7  cases  of  duodenal 
ulcer  and  9  of  gastric  ulceration,  all  presumed  to  be  of  the 
Curling's  type.  There  was  one  case  of  acute  hemorrhagic  pan¬ 
creatitis  i  ich  was  the  principal  cauce  of  demise,  and  a 
large  pelvic  abscess  in  one  patient  who  had  been  operated 
upon  for  a  bleeding  ulcer  problem  and  later  for  an  acute  in¬ 
testinal  obstruction.  Renal  comolications  included  2  cases 
of  acuta  tubular  necrosis  and  2  of  acute  pyelonephritis. 

Burn  wound  infection  which  appeared  primary  or  contributory 
to  <temise  was  present  in  6  patients,  and  4  had  serious  septic 
phlebitis.  Two  patients  had  no  significant  findings  at 
autopsy  other  than  the  burn  wound,  and  their  demise  was  as¬ 
sumed  to  be  associated  wiih  metabolic  imbalance. 

In  1965,  there  were  591  operations,  the  great  majority 
of  which  were  debridement  and  grafting  procedures.  Three 
patients  requi red  major  amputations,  two  involving  the 
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upper  extremities  and  one  a  lower  extremity.  Six  patients 
were  operated  upon  for  gastrointestinal  hemorrhage,  and  all 
underwent  gastric  resection  for  control  of  bleeding  from 
Curling's  ulcers  of  the  duodenum  or  stomach.  Four  of 
the  6  patients  survived. 

Increased  homograft  requirements  were  met  by  using  a 
record  number  of  87  cadavers  as  skin  donors.  Approximately 
300  homograftings  were  done  in  the  operating  room,  and  many 
others  on  the  ward  without  anesthesia.  Since  homograft 
supply  did  not  always  coincide  with  patient  requirements  for 
viable  skin,  canine  heterograft  taken  from  the  laboratory 
animals  at  the  Surgical  Research  Unit  was  used  58  times  on 
32  patients.  This  type  of  wound  coverage  has  continued  to 
prove  quite  satisfactory. 

Summary 

The  burn  wound  management  program  which  had  proved  so 
successful  in  1964  was  continued  in  1965,  producing  almost 
identical  results.  Since  this  program  is  applicable  to  all 
burns,  large  or  small,  simple  in  application,  relatively 
inexpensive  and  aesthetically  acceptable,  it  has  received 
considerable  attention  from  clinicians  in  both  the  United 
States  and  foreign  countries.  The  metabolic  acidosis  which 
caused  considerable  concern  during  the  first  year  of  topical 
Sulfamylon  created  less  difficulty  during  the  past  years. 

This  problem  was  recognized  earlier  and  managed  by  removal 
of  the  medication  and  buffering  with  sodium  bicarbonate 
until  compensation  occurred.  This  therapy  was  effective 
unless  acute  or  chronic  pulmonary  disease  was  severe.  In  a 
few  patients,  positive  pressure  respirators  were  of  value 
but  not  consistently  so. 

In  Table  10,  burn  mortality  rates  of  four  burn  categories 
for  the  years  1962-1963  are  compared  with  those  of  1964-1965. 
The  first  two-year  period  included  those  patients  treated 
by  conventional  management  prior  to  the  employment  of  topical 
therapy  and  large  amounts  of  homograft.  The  1964-1965  period 
included  the  two  years  of  the  Sul f  amyl  on-homograft  program. 
Mortality  rates  for  1964-1965  improved  in  each  burn  category, 
particularly  in  the  three  groups  between  30  and  60  per  cent. 
Comparing  these  groups  would  seem  to  be  valid,  since  the 
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numbers  of  patients  involved  are  substantial  and  the  oniy 
significant  change  in  management  in  the  two  periods  was 
that  of  topical  therapy  and  increased  use  of  homog"aft. 

Little  or  no  improvement  in  mortality  rates  have  been 
achieved  for  patients  with  thermal  injuries  greater  than 
60  per  cent  of  body  surface;  their  multiple  problems  often 
remained  overwhelming. 

Although  survival  rates  have  improved,  many  major 
problems  of  burned  patients  remain  unsolved.  Fluid  re- 
suscitative  regimens  are  empirical  and  require  reappraisal. 
Basic  physiology  relative  to  energy  requi t ements,  cardiac 
output  and  tissue  perfusion  needs  more  study.  Pulmonary 
complications  secondary  to  inhalation  of  combustion  products 
are  often  fatal,  and  gastrointestinal  ulcerations  with 
bleeding  or  obstruction  contribute  to  both  morbidity  and 
mortality.  The  irmtunology  of  skin  homotransplantation 
remains  a  mystery,  and  the  dense,  unyielding  scars  of  the 
late  burn  period  continue  to  produce  functional  and  cosmetic 
deformities  which  affect  entire  life  patterns  of  patients 
and  their  families.  It  is  apparent  that  many  problems  remain 
to  challenge  both  the  clinician  and  the  research  scientist 
in  this  special  field  of  traima. 
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"  (U)  Tech  Objective  -  The  effect  of  vasodilators,  specifically  hydralazine,  In  treat¬ 
ment  of  burn  shock  Is  being  clinically  studied  ir>  appropriate  patients.  The  effect 
of  hydralazine  on  cardiac  output,  blood  volume  and  pressure,  and  lactate  metabolism  Is 
determined.  Consistent  beneficial  effects  on  circulatory  dynamics  of  such  agents  In 
early  postbu.'n  period  would  permit  resuscitation  with  lesser  volumes  of  fluid  and  with 
Improved  peripheral  circulation  preserve  viability  In  marginally  injured  tissue. 

”  (U)  Appioach  -  Adult  patients  admitted  within  48  hours  postburn  are  monitored  by  means 
of  serial  cardiac  output  and  blood  volume  determinations.  Blood  gas  and  serum  chemis¬ 
try  measurements  are  made  and  vital  signs  closely  followed.  The  Influence  of  hydrala¬ 
zine  in  a  dosage  of  0.5  mg/kg  on  these  Indices  Is  noted. 

(U)  Progress  (1  Jul  65  -  30  Jun  66)  -  Three  patients  with  greater  than  40%  bums  have 
been  studied.  Results  indicate  that  hydralazine  was  effactlve  In  Increasing  cardiac 
output  in  all  three  patients  after  23  hours  postburn,  the  effect  persisting  for  1-3 
hours  in  two  ot  the  three.  Improvement  occurred  In  the  presence  of  a  decreased  blood 
^ volume  and  was  accompanied  by  decrease  in  systolic  pressure  within  significant  pulsa 
rate  increase.  At  9  hours  postburn,  neither  Increased  flu'd  administration  nor  hydra¬ 
lazine  alone  would  Increase  cardiac  output,  but  coebined,  a  22%  Increase  In  cardiac 
output  was  noted.  Changes  In  excess  lactate  were  Inconsistent  following  hydra! ezine  a< 
these  times.  Vasodilators  appear  to  Improve  the  circulatory  dynamics  of  tha  severely 
burned  patient  due  to  the  release  of  vasospasm  and  subsequent  Increase  in  cardiac  out¬ 
put  secondary  to  a  decrease  In  peripheral  resistance  and  may  well  permit  utilization 
of  smaller  volumes  of  fluid  In  the  resuscitation  of  the  severely  burned  patient. 
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Three  patients,  each  with  burns  of  greater  than  40  per 
cent  of  the  body  surface,  have  received  hydralazine  in  the 
early  postburn  period.  Administration  of  this  vasodilator 
after  the  twenty-thi rd  postburn  hour  was  followed  by  an 
increase  in  cardiac  output  of  from  3i  to  67  per  cent  in  all 
three  patients.  In  two  of  the  three  patients,  the  improve¬ 
ment  in  cardiac  output  persisted  from  one  to  three  hours. 
One  patient  also  received  hydralazine  at  nine  hours  post- 
burn  with  no  increase  in  cardiac  output  until  the  rate  of 
fluid  administration  was  increased,  with  the  combined  ef¬ 
fect  increasing  cardiac  output  while  neither  fluids  nor 
hydralazine  alone  were  effective  at  that  time.. 

The  beneficial  effect  was  achieved  in  the  presence  of 
decreased  blood  volume  and  was  accompanied  by  a  decrease 
in  systolic  blood  pressure  without  significant  rise  in 
pulse  rate.  The  response  of  excess  lactate  was  variable 
following  hydralazine  administration. 

This  agent  appears  promising  as  a  means  to  improve  the 
circulatory  dynamics  without  massive  fluid  loads  in  the 
early  postburn  period. 

(1)  Vasodilators  (3)  Excess  Lactate 

(2)  Burn  Shock  (4)  Cardiac  Output 
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VASODILATORS  IN  THE  TREATMENT  Of  BURN  SHOCK 


The  hemodynamic  changes  not<~d  in  the  early  postburn 
period  appear  to  represent  a  summation  of  the  effects  of  a 
decreased  blood  volume  and  an  increased  peripheral  resistance. 
The  latter  results  from  vasospasm,  affecting  both  arterioles 
and  venules  and  increased  blood  viscosity  as  represented  by 
alteration  of  serum  proteins  and  by  sludging  of  red  blood 
Cvlls. 

The  importance  of  the  vasospastic  component  of  the  in¬ 
creased  peripheral  resistance  is  being  investigated  by 
measuring  the  response  of  cardiac  output  to  treatment  with 
hydralazine.  This  vasodilator  (a  chelating  agent)  has  a 
direct  effect  on  the  small  vessel  smooth  musculature  with 
resultant  relaxation  and  vasodilatation. 

All  adult  patients  admitted  to  this  unit  within  the 
first  48  hours  postburn  are  carefully  monitored  with 
periodic  measurements  of  cardiac  output  by  a  dye  dilution 
technique,  blood  volume  utilizing  rad«oiodinated  serum  al¬ 
bumin,  arterial  pressure,  venous  pressure,  hematocrit, 
serum  chemistries  and  blood  gases. 

Three  such  patients  admitted  during  the  past  15  months 
have  been  so  studied  with  hydralazine  in  dosage  of  0.5 
mg/kg  being  administered  intravenously  at  various  times 
during  the  early  postburn  period  when  measured  cardiac  out¬ 
put  was  significantly  lower  than  the  predicted  cardiac  out¬ 
put  as  calculated  by  the  formula: 

r.  n  =  26.5  X  B.W.  (in  qrams)*®^ 

(L/min)  - TOTOOC 

Results  as  tabulated  In  Tables  1,  2  and  3  revealed  a 
prompt  increase  in  cardiac  output  following  adminstrat Ion 
of  hydralazine  at  all  times  after  23  hours  postburn, 
varying  from  3G.7  per  cent  to  67.2  per  cent.  There  ap¬ 
peared  to  be  a  persistence  of  this  beneficial  effect  with 
Further  increase  in  cardiac  output  of  approximately 
5  per  cent  in  each  of  two  patients  in  whom  measurements 
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Table  1.  Patient  Circulatory  Indices 


Pt.  %  Burn  C3i  Weight  8y .72  kg 

m 


Hrs. 

PB 

Observed  C.O.* 
(L/min) 

%  of 

Predicted 

Hydralazine 
Given  (mg) 

% 

Change 

Observed 

B.V.f 

4 

2.11 

28 

5800 

6 

3.46 

47 

4525 

8i 

4.41 

60 

9 

3.98 

54 

43 

-10 

4300 

9i 

5.41 

73 

+22S 

12 

5.14 

69 

4100 

23 

4.95 

57 

4300 

23i 

6.79 

92 

43 

+37 

25 

5.74 

78 

29 

7.45 

101 

4200 

*  Predicted  cardiac  output  7-35  L/min 
f  Predicted  blood  volume  6140  cc 

$  Patient  given  750  cc  lactated  Ringer's  and  600  cc  Plasmanate  at 
18  cc/mln  for  75  win  prior  to  this  measurement 


Predicted  cardiac  output  7-28  L/min 
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were  repeated  one  to  three  hours  later  and  a  decrease  in 
cardiac  output  of  14  per  cent  in  the  third  patient  one  and 
three-fourths  hours  after  administration  of  the  hydralazine. 

One  patient,  #1,  who  received  hydralazine  within  the 
first  nine  hours  postburn,  had  no  increase  and  in  fact  a  10 
per  cent  decrease  in  cardiac  output  immediately  after  ad¬ 
ministration.  With  subsequent  rapid  administration 
(18  cc/min)  of  1350  cc  of  lactated  Ringer's  and  Plasmanate 
in  75  minutes,  a  22  per  cent  increase  of  cardiac  output 
over  the  prehydralazine  level  was  noted. 

That  this  beneficial  effect  of  hydralazine  is  due  to  a 
decrease  in  peripheral  resistance  is  suggested  by  the  de¬ 
crease  in  arterial  systolic  pressure  with  no  significant 
increase  in  pulse  rate  noted  after  administration  of  hydralazine. 
In  Patient#3, calcul ated  total  systemic  resistance  decreased 
by  43  per  cent  and  remained  at  this  level  or  lower  for 
five  hours. 

In  two  patients,  #2  and  #3,  arterial  lactate  and 
pyruvate  were  measured  at  the  times  of  cardiac  output 
determination  and  excess  lactate  (  XL)  calculated  using 
the  lowest  lactate  and  pyruvate  levels  as  the  "control" 
leve’s  for  the  calculations.  In  Patient  #2,  the  excess 
lactate  four  hours  posthydralazine  was  greater  than  that 
before  hydralazine  administration,  suggesting  a  possible 
"washout"  effect  secondary  to  improved  peripheral  circula¬ 
tion  and  increased  cardiac  output.  In  Patient  #3,  however, 
the  markedly  elevated  excess  lactate  present  prior  to 
hydralazine  administration  showed  a  slight  decrease  im¬ 
mediately  posthydralazine,  with  a  subsequent  slight  rise 
within  five  hours  but  to  a  level  lower  than  that  recorded 
prior  to  administration  of  hydralazine. 

Summary 

Three  patients  with  burns  exceeding  40  per  cent  of 
the  body  surface  have  been  given  hydralazine  in  a  dosage 
of  0.5  mg/kg  during  the  early  postburn  period(within  48 
hours  postburn).  After  23  hours,  a  prompt  Increase  in 
cardiac  output  of  31  to  67  per  cent  was  noted,  with 
persistence  of  this  improvement  in  two  of  the  three 
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patients  for  from  one  to  three  hours.  There  was  a  simul¬ 
taneous  decrease  in  systolic  blood  pressure  without  any 
significant  increase  in  pulse  rate.  In  each  patient, 
the  improvement  in  cardiac  output  occurred  in  the 
presence  of  a  decreased  blood  volume.  Prior  to  this 
time,  it  appears  that  the  administration  of  hydralazine 
must  be  accompanied  by  more  rapid  fluid  administration 
to  obtain  improvement  in  cardiac  output. 

Excess  lactate  showed  a  variable  response,  increasing 
in  one  patient  but  decreasing  in  the  other  patient  who 
showed  a  markedly  elevated  excess  lactate  prior  to  hy¬ 
dralazine  administration. 

In  the  three  patients  studied  thus  far,  the  improve¬ 
ment  in  cardiac  output  subsequent  to  hydralizine  administra¬ 
tion  confirms  the  value  of  vasodilators  in  the  treatment  of 
burn  shock  previously  noted  in  the  experimental  animal 
by  one  of  tho  investigators.  This  method  of  treatment 
offers  a  means  of  improving  the  circulatory  dynamics  in 
the  burned  patient  without  using  massive  fluid  volumes,  a 
finding  of  considerable  importance  in  all  burned  patients 
but  especially  in  the  elderly  and  the  very  young. 
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crease  in  blood  volume  to  approximately  80%  of  predicted  normal  occurred  within  first 
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lar  losses  appeal  tc  rcp.ecert  ths  summation  of  a  constant  plus  a  fraction  of  the 
fluids  administered  during  the  immediate  postburn  period. 
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ABSTRACT 
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In  the  early  postburn  period,  an  initial  decrease  in 
blood  volume  has  been  documented  with  the  average  maximum 
decrease  in  four  patients  to  a  level  of  approximately  80  per 
cent  of  predicted  normal  blood  volume  occurring  within  the 
first  24  hours  postburn.  In  two  of  three  patients,  the  early 
decrease  in  bicod  volume  was  associated  with  decreasing  car¬ 
diac  output  with  subsequent  increase  in  cardiac  output 
whether  biood  volume  was  stable  or  increasing.  Maximum  de¬ 
pression  of  cardiac  output  ranged  from  a  level  of  28  to  73 
per  cent  of  predicted,  with  an  average  of  53.6  per  cent. 

Neither  blood  volume  nor  cardiac  output  correlated  well 
with  urinary  output.  Urinary  output  appeared  to  vary  with 
rate  of  fluid  administration. 

Excess  lactate,  initially,  elevated,  dec-eased  only  to 
rise  secondarily  at  the  time  of  maximum  blood  volume  de¬ 
pression  and  bore  no  constant  relationship  to  cardiac  output. 

cxtravascular  fluid  loss  throughout  the  study  period 
in  each  patient  paralleled  the  volume  of  fluids  ad¬ 
ministered.  Loss  rate  calculations  revealed  obligatory 
losses  in  the  first  24-hour  period  and  resorption  during 
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the  third  24-hour  period,  with  the  intercept  of  the  curves 
for  the  intervening  24  hours  varying  about  the  origin.  A 
general  equation  for  vascular  fluid  loss  during  the  first  two 
24-hour  postburn  periods  has  been  formulated  for  these  pa¬ 
tients  as  follows:  VI  =  K  +  xF,  where  VL  is  vascular  loss 
in  cc/hr,  K  a  constant  varying  from  -*  200  to  approximately 
zero  with  time,  F  the  volume  of  fluids  given  in  cc/hr,  and  x 
a  whole  number  changing  frornO.8  to  approximately  1  with  time. 


(1)  Burns 

(2)  Fluids 

(3)  Blood  Volume 


(4)  lactate 

(5)  Cardiovascular  System 


HEMODYNAMICS  OF  THE  EARLY  POSTBURN  PATIENT 


The  changes  in  hemodynamic  indices  consequent  to 
extensive  thermal  injury  and  the  influence  of  resuscitatlve 
therapy  on  these  disturbances  are  being  documented  in 
burned  patients  admitted  to  this  unit  within  the  first  48 
hours  postburn.  Blood  volume,  cardiac  output,  pulse,  ar¬ 
terial  pressure,  and  hematocrit  are  serially  measured  dur¬ 
ing  the  early  postburn  period,  as  well  as  lactate  and 
pyruvate  levels. 

Progress 

Four  acutely  burned  patients  have  been  studied  in  the 
past  year  utilizing  a  Cardio-green  dye  dilution  technique 
with  a  Sanborn  Model  130  cardiac  output  computer  for  car¬ 
diac  output  determinations.  RISA  blood  volume  measurements 
have  been  made  with  the  Volemetron,  and  standard  tech¬ 
niques  employed  for  lactate,  pyruvate,  blood  gas,  serum 
chemistry,  and  hematocrit  determinations. 

Predicted  blood  volume  was  calculated  for  each  pa¬ 
tient  on  the  basis  of  7  per  cent  of  the  body  weight,  and 
predicted  cardiac  output  calculated  according  to  the 
formula:  c  0  (L/min)  *  26.5  x  weight  (in  grams)-854 

60,000 

Vascular  loss  was  calculated  as  the  amounl  of  fluids  given 
plus  the  decrease  in  blood  volume  since  the  previous 
measurement  minus  the  blood  drawn  during  the  same  time 
period. 

Results 


Three  of  the  four  study  patients  were  admitted  and 
measurements  made  within  six  hours  postburn.  In  these  pa¬ 
tients,  the  >owest  recorded  blood  volume  occurred  between 
12  and  21  hours,  and  in  general  was  coincident  with  an 
elevated  hematocrit.  In  the  other  patient,  first  measured 
at  19  hours  postburn,  the  most  depressed  blood  volume  oc¬ 
curred  at  37  hours  postburn  at  a  time  when  the  hematocrit 
was  showing  a  progressive  hemodilutlon  effect.  The 
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average  lowest  blood  volume  in  all  four  patients  was  only 
79.1  per  cent  of  their  predicted  blood  volumes. 

Two  of  the  three  patients  in  whom  cardiac  output  was 
measured  showed  a  decrease  in  cardiac  output  with  decreas¬ 
ing  blood  volume  between  4  and  24  and  19  and  23  hours  post¬ 
burn  respectively.  One  of  these  patients,  Patient  #3, 
showed  a  subsequent  increase  in  cardiac  output  over  the 
ensuing  36  hours  with  an  essentially  stable  blood  volume 
varying  t  300  cc.  The  other  patient,  #4,  showed  a  similar 
increase  in  cardiac  output  over  the  ensuing  37  hours, 
with,  in  this  case,  an  overall  increase  in  blood  volume  of 
approximately  1000  cc.  The  other  patient  in  whom  the 
initial  cardiac  output  at  four  hours  postburn  was  28  per 
cent  of  that  predicted  showed  a  subsequent  increase  in 
cardiac  output  with  a  decreasing  blood  volume  from  4  to  1? 
hours  postburn,  with  a  further  upward  trend  and  maintenance 
of  cardiac  output  thereafter  with  a  blood  volume  which  re¬ 
mained  relatively  stable  at  67  to  70  per  cent  of  the  pre¬ 
dicted  blood  volume.  The  lowest  recorded  cardiac  outputs 
occurred  at  4,  23  and  24  hours  postburn  and  were  28,  60  and 
72.8  per  cent  of  the  predicted  cardiac  output  respectively, 
averaging  53.6  per  cent. 

Patients  #3  and  #4  showed  no  apparent  relation  between 
either  blood  volume  and  arterial  pressure  or  cardiac  output 
and  arterial  pressure.  These  same  two  patients  both  had 
elevated  excess  lactate  levels  on  admission  which  subse¬ 
quently  decreased  only  to  show  a  secondary  rise  at  the  time 
of  greatest  depression  of  the  blood  volume.  There  was  no 
apparent  relation  between  cardiac  output  and  excess  lac¬ 
tate  in  either  of  these  patients. 

There  appears  to  be  no  direct  relationship  between 
either  the  cardiac  output  or  blood  volume  and  the  urinary 
output.  Such  a  relationship  seems  to  exist  between  the 
rate  of  fluid  administration  and  urinary  output,  as  could 
be  anticipated  from  clinical  experience. 

Calculation  of  extravascular  losses  confirms  our 
previous  Impression  that  early  in  the  postburn  course, 
the  extravascular  loss  parallels  the  volume  of  fluids  ad¬ 
ministered.  Loss  rate  calculation,  however,  suggests  that 
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in  the  first  18  to  24  hours  postburn,  the  loss  is  the  summa¬ 
tion  of  a  constant  obligatory  vc?.‘me  and  a  fraction,  ap¬ 
proximately  0.8,  of  the  fluids  administered.  During  the 
second  24-hour  period,  the  loss  rate  approximates  the 
amount  of  fluid  given  per  unit  time  with  the  intercepts  of 
the  loss  rate  curves  varying  around  the  origin.  After  48 
hours,  resorption  occurs,  as  noted  by  a  negative  Y  inter¬ 
cept  and  the  loss  equals  a  fraction  of  the  fluids  given 
minus  the  volume  resorbed. 

A  general  equation  for  vascular  fluid  loss  during  the 
first  two  24-hour  postburn  periods  has  been  formulated  for 
these  patients  as  follows:  VI  *  K  +  xF,  where  VL  is  vascular 
loss  in  cc/hr,  K  a  constant  varying  from  +200  to  approxi¬ 
mately  zero  with  time,  F  the  volume  of  fluids  given  in  cc/hr, 

and  x  a  whole  number  changing  from  0.8  to  approximately  I  with 
time. 

Preliminary  examination  of  the  extravascular  loss 
rates  expressed  in  cc/hr/kg  of  body  weight  suggests  that 
the  increased  transcapillary  movement  of  fluids  into  the 
extravascular  space  occurs  in  unburned  as  well  as  burned 
tissue,  with  similar  variation  of  loss  rate  by  time  period 
postburn  as  noted  above. 

Summary  (Tables  1-4) 

Four  patients,  each  with  burns  of  greater  than  40  per 
cent  of  the  body  surface,  have  been  admitted  to  this  unit 
within  the  first  24  hours  postburn  and  serial  measurements 
of  cardiac  output,  blood  volume,  arterial  pressure,  lac¬ 
tate,  pyruvate  and  urinary  output  performed.  Excess  lac¬ 
tate  and  extravascular  loss  rates  have  been  calculated. 

In  three  of  four  patients,  the  lowest  blood  volume  oc¬ 
curred  at  or  before  24  hours  postburn,  and  average  maximum 
blood  volume  depression  in  all  four  was  79.1  per  cent  of 
the  predicted  blood  volume. 

Two  patients  showed  a  decrease  in  cardiac  output  with 
with  an  early  decrease  in  blood  volume,  with  subsequent 
increases  in  cardiac  output  whether  the  blood  volume  was 
maintained  within  relatively  narrow  limits  or  increased. 

The  depression  in  cardiac  output  had  a  range  of  from  28  to 
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73  per  cent  of  predicted,  with  an  average  of  53.6  per  cent. 

Neither  blood  volume  nor  cardiac  output  appears  directly 
related  to  either  arterial  pressure  or  urinary  output.  Uri¬ 
nary  output  does  appear  to  vary  with  the  rate  of  fluid 
administration. 

In  two  patients  in  whom  excess  lactate  was  calculated, 
it  bore  no  apparent  relationship  to  cardiac  output.  Both 
patients  had  elevated  excess  lactate  on  admission  which 
diminished  prior  to  a  secondary  rise  at  the  time  of  greatest 
blood  volume  depression. 

Throughout  the  study  Deriods.  extravascular  loss  paral¬ 
leled  the  volume  of  fluid  administration.  Extravascular 
loss  rates  plotted  against  rate  of  fluid  administration  re¬ 
vealed  an  early  obligatory  loss  during  approximately  the 
first  24  hours  postburn  which  approaches  zero  during  the 
second  24-hour  postburn  period  and  becomes  negative  (re¬ 
absorption)  during  that  time  period.  This  is  felt  to  indi¬ 
cate  a  shift  of  equilibrium  and  movement  of  fluid  across 
the  capillary  wall.  Examination  of  vascular  loss  rates 
in  cc/hr/kg  of  body  weight  suggests  that  the  transcapillary 
fluid  movement  occurs  in  both  burned  and  unburned  tissue. 
During  the  first  24  hours  postburn,  it  appears  that  an 
average  of  80  per  cent  of  administered  fluids  escapes  from 
the  vascular  compartment,  while  during  the  second  24-hour 
postburn  period  the  loss  of  administered  fluids  approximates 
100  per  cent. 

Publications  and/or  Presentations 


1M  TN*M#» 


RESEARCH  AMD  TECHNOLOGY  RESUME 

1. 

2.  GOVT  ACCESSION 

i.  X3!B cv  AccittioN 

DA  OA6955 

mmmrm.  itsm 
CSCRD  -  103 

A.  OATS  OF  RCtUMC 

30  06  66 

S.  KIND  OF  RESUME 

D>.  CHANGE  270865 

S.  SECURITY 

u  u 

RPT  »R»C 

7.  REGRADING 

NA 

O.  ReLEAK  LIMITATION 

S.  LEVEL  OF  RESUME 

A.W0RK  UNIT 

10a.  CURRENT  NUMEER/COOE 

61145011  3A014501B71R  01  140 

to*.  PRIOR  NUMEER/CODC 

NONE 

J  11.  TITLE: 

1  (U)  Renal  Function  in  Burned  Patients  (44) 

12.  SCIENTIFIC  OR  TKCH.  AREA 

Clinical  Medicine  (003500) 

IS.  START  DATE 

01  65 

t*.  CR'T.  COMPL.  DATE 

NA 

IS.  FUNOING  AGENCY 

Other  j  DA 

l«.  PROCURE .  MBTMOO 

17.  CONTRACT/ GRANT  ^ 

10.  RESOURCES  EST. 

WUFBWfiHIC 
*■  MAN-YEARS 

A.  FUNDS  (la  /A** ■«/>) 

C.  In-House 

A.  NUMEIR 

e.  TVPt  4.  AMOUNT 

PRIOR  FV  $5 

1 

4 

CURRENT  FV  66 

1 

_ 

It.  OOV'T  L.  A*/ INSTALL  ATI  ON/ ACTIVITY 

Headquarters  1 
US  Army  Med  Res  &  Dev  Command 
Wash  DC  20315 

v.  Kovarlc,  J.J,,,  Lt  Col 

8  22  63737 


20.  PERFORMING  ORGANIZATION 


NAMI 
A DO Af W 


US  Army  Surgical  Research  Unit 
Fort  Sam  Houston,  Texas 


IHVBtTtOATORt 

principal 

ASSOCIATE 


512 


O'Neill,  J.A.,  Jr,  Capt,  MC 
Pruitt,  B.A.,  Jr.,  Maj,  MC 
CA1  2720  type  DA 


il.  T1CHHOLOOY  UTILIZATION 

Life  Sciences 


22.  COORDINATION 


None 


M.  KtvlQflOt 
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*(U)  Tech  Objective  -  Since  urinary  output  is  utilized  to  judge  the  adequacy  of  fluid 
resuscitation  In  burn  therapy,  it  seemed  warranted  that  direct  studies  of  renal 
function  should  be  performed.  If  renal  function  is  impaired,  criteria  for  the 
adequacy  of  resuscitation  should  be  altered  and  perhaps  changes  should  be  made  in  the 
method  of  fluid  administration. 

*<U)  Approach  -  Adult  patients  with  severe  burns  are  being  studied  in  the  early  post¬ 
burn  period,  preferably  within  2*8  hours,  since  this  is  the  period  when  fluid  require¬ 
ments  are  greatest.  Determinations  include  inulin,  PAH,  urea,  endogenous  creatinine, 
osmolar  and  free  water  clearance.  Serum  and  urine  el  -trolytes  are  studied  as  well. 
The  results  of  early  studies  are  compared  with  repeat  . tudies  made  at  five  days. 

There  is  still  some  shortage  of  acute  bums, so  progress  has  been  somewhat  delayed. 

(U)  Progress  (Jul  65-Jun66)  -  Seven  patients  have  been  studied  thus  far.  The  most 
striking  finding  thus  far  has  been  a  decrease  in  renal  plasma  flow  in  patients  with 
ourns  over  25  per  cent.  These  findings  correlate  with  decreases  in  cardiac  output  and 
Increases  In  peripheral  resistance  noted  in  other  studies  of  acutely  burned  patients. 
If  further  studies  are  confirmatory,  this  will  be  evidence  in  favor  of  further 
Investigation  of  the  use  of  vasodilator  agents  during  the  early  postburn  period 
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Studies  of  renal  function  in  seven  burned  patients  dur¬ 
ing  the  early  pcstbum  period  have  been  performed.  The  most 
striking  finding  was  a  depression  of  renal  plasma  flow  with¬ 
out  proportional  decrements  in  glomerular  filtration  rates. 
An  ant (diuresis  was  also  noted. 

The  decreases  ir  >-enal  flow  are  most  likely  accounted 
for  on  the  basis  of  increased  peripheral  resistance  and  de¬ 
creased  cardiac  output. 

Further  studies  combined  with  determinations  of  cardiac 
output  are  warranted  and  are  In  progress. 


(1)  Burns 

(2)  Renal  function 

(3)  Renal  blood  flow 
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STUDIES  OF  RENAL  HINCTION  IN  BURNED  PATIENTS 


All  who  treat  severely  burned  patients  util ize- urinary 
output  as  the  main  criterion  for  the  adequacy  of  fluid  and 
colloid  replacement.  Despite  this  fact,  very  little  in¬ 
formation  has  been  obtained  in  the  form  of  direct  measure¬ 
ments  of  renal  function.  In  the  absence  of  such  data,  there 
is  reason  to  doubt  that  urinary  output  is  a  valid  reflec¬ 
tion  of  adequate  fluid  replacement.  It  is  conceivable  that 
patients  with  marginal  circulatory  status  might  put  out 
what  would  be  considered  acceptable  volumes  of  urine. 

Studies  by  Graber  and  Sevitt  indicate  that  the 
glomerulus  is  the  principle  site  of  renal  pathological 
changes  in  that  they  noted  deposition  of  lipoid  material 
in  the  endothelium  of  the  glomerular  tufc.^  On  the  other 
hand,  others  have  found  no  alteration  of  g  lower-  ar  fil¬ 
tration  in  small  groups  of  patients  studied  from  5  to  10 
days  postburn. Taking  the  above  into  consideration,  it 
seemed  warranted  that  di rect  measurements  of  renal  func- 
tion  should  be  made  in  the  early  postburn  period  when 
fluid  resuscitation  is  a  prime  concern. 

Methods 


Acutely  burned  adult  patients  were  studied  during 
the  early  postburn  period  while  fluid  resuscitation  was 
in  progress.  All  patients  were  given  fluids  either  ac¬ 
cording  to  the  Brooke  formula  or  in  greater  amounts.  These 
measurements  were  compared  with  similar  ones  made  on  the 
fifth  postburn  day. 

The  determinations  included  inulin  and  PAH  clearance 
studies  as  indications  of  glomerular  filtration  and  renal 
plasma  flow  respectively.  In  addition,  serum  and  urine 
studies  were  performed  in  order  to  determine  clearances 
of  urea,  endogenous  creatinine,  osmotically  active  con¬ 
stituents,  free  water,  and  electrolytes.  This  included 
determinations  of  urea,  creatinine,  osmolality,  sodium, 
potassium  and  chloride  in  both  serum  and  urine. 
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GLOMERULAR  FILTRATION  RATE 
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Data  ere  available  on  seven  patients  whose  ages  ranged 
from  20  to  40  years.  All  were  males.  Total  burn  ranger! 
from  28  to  78  per  cent,  and  burn  index  (third-degree  Durn 
plus  one-half  second-degree  burn)  ranged  from  15  to  65  with 
an  average  of  36.  One  patient  was  studied  at  5b  hours 
postinjury,  three  patients  at  48  hours,  one  at  48  hours 
and  again  at  five  days,  one  at  five  days,  and  one  at  eight 
days  postburn.  Only  Patient  #7  had  evidence  of  anemia. 

He  had  a  renal  plasma  flow  of  430  ml/min,  which  is  only 
slightly  below  the  lower  limits  of  normal. 


Renal  plasma  flow  (Fig.  1)  was  within  the  range  of 
normal  at  48  hours  postbure  In  a  young  pilot  with  a  burn 
index  of  15  and  another  patient  with  an  index  of  24.  The 
other  five  patients  whose  burn  indices  ranged  from  20.5  to 
65  had  subnormal  renal  plasma  flow  as  measured  by  clearance 
of  PAH. 


Glomerula  filtration  rates  (Fig.  2)  as  measured  by 
inulin  clearance  were  below  normal  in  three  patients  whose 
burn  indices  were  65,  47.5  and  47.  One  of  the  three  ap¬ 
proached  normal  glomerular  filtration  by  the  fifth  day. 

Four  patients  with  indices  between  15  and  33.5  had  normal 
glomerular  filtration  rates. 

The  filtration  fraction  (Fig.  3)  was  above  normal  in 
every  instance. 

Urea  clearance  (Fig.  4)  was  normal  in  three  patients 
whose  burn  indices  ranged  from  15  to  24.  Clearance  of r urea 
was  below  normal  in  the  other  four  patients  who  had  larger 
burns. 


Endogenous  creatinine  clearance  (Fig.  5)  was  normal 
in  three  patients  with  burn  indices  of  15,  20.5  and  33*5. 
It  was  subnormal  in  the  other  four  patients. 

Osmolar  clearance  (Fig.  6)  was  subnormal  in  one  pa¬ 
tient  with  a  burn  index  of  47.5.  It  was  depressed  at  48 
hours  in  the  patient  with  a  65  index  but  rose  to  normal 
by  five  days.  It  was  normal  in  the  other  five  patients. 
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Clearance  of  osmotically  free  water  (Fig.  7)  was  in  the 
negative  range  in  every  instance. 

The  values  obtained  for  serum  and  urine  electrolytes  are 
depicted  m  Table  2.  Low  urine  sodium  was  the  rule  during 
the  early  postburn  period  unless  large  volumes  of  sodium- 
containing  fluids  were  administered  during  the  test  period. 

Comments 


The  most  striking  finding  in  this  group  of  patients 
studied  during  the  early  postburn  period  was  a  marked  de¬ 
crease  in  renal  plasma  flow  in  the  patients  with  burn  in¬ 
dices  over  24.  This  fir,  'ing  corresponds  with  the  marked 
decreases  in  cardiac  output  and  increases  in  peripheral 
resistance,  noted  in  patients  and  experimental  animals  with 
large  burns. 7  It  was  also  noted  that  severely  burned  pa¬ 
tients  might  have  normal  biood  pressure  even  in  the  face  of 
markedly  depressed  cardiac  output.  In  the  same  fashion,  pa¬ 
tients  with  clinically  acceptable  levels  of  urinary  output 
may  have  markedly  depressed  renal  blood  flow.  Decreased 
renal  blood  flow  may  b  related  to  efferent  glomerular  con¬ 
striction  on  the  basis  of  a  generalized  increase  In  peripheral 
resistance  and  also  to  the  decrease  in  cardiac  output  itself. 
Hence,  it  must  be  concluded  that  urinary  output  is  not  a  uni¬ 
formly  reliable  criterion  for  judging  the  adequacy  of  fluid 
resuscitation. 

It  is  known  that  burned  patients  have  Increased  secretion 
of  adrenal  steroids  during  the  early  postburn  period,  and  these 
tend  to  increase  both  renal  plasma  flow  and  glomerular  filtra¬ 
tion.  *  None  of  the  pai Icnts  were  hypotensive  during  the 
studies,  a  factor  which  leads  to  decreased  renal  flow,  Also, 
none  ,,.id  body  temperatures  far  from  normal,  so  this  was  not  a 
factor. 3  Although  serum  proteins  were  not  routinely  measured, 
it  is  probable  that  all  patients  had  some  decrease  in  total 
body  proteins,  a  factor  which  leads  to  increased  glomeruiar 
filtration  but  does  not  necessarily  affect  renal  plasma  flow.® 
Only  one  of  the  seven  patients  was  anemic.  H!$  renal  p’asma 
flow  was  measured  five  days  postburn,  and  the  slightly  depressed 
level  might  be  accounted  for  on  this  basis J  The  other  four  with 
subnormal  renal  plasma  flow  had  hematocrits  over  4t% 
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Glomerular  filtration  rates  were  depressed  in  only  the 
three  patients  with  burn  indices  of  50  or  more.  Otherwise 
the  patients  had  normal  filtration  rates  even  though  renal 
plasma  flow  was  below  par. 

The  filtration  fraction  or  inulin/PAH  clearance  ratio 
gives  the  fraction  of  piasma  filtered  at  the  glomerulus. 

All  seven  patients  had  normal  or  elevated  percentages.  This 
indicates  that  increased  glomerular  filtration,  decreased 
renal  plasma  flow,  or  both,  were  operative  in  each  instance. 

Urea  clearances  tended  to  parallel  the  glomerular  fil¬ 
tration  rates  except  in  patient  #7,  where  the  urea  clearance 
was  subnormal  even  though  glomerular  filtration  was  not. 
However,  this  may  be  due  to  a  urine  volume  of  less  than 
I .5  ml /min. 

Endogenous  creatinine  clearance  values  were  identical 
with  glomerular  filtration  rates  and  indicate  essentially 
the  same  thing. 

The  combined  data  of  osmolar  and  free  water  clearances 
indicated  that  during  the  early  postburn  period  an  anti- 
diuresis  occurred.  In  virtually  every  Instance,  the  urine 
carried  a  deficit  of  solute-free  water,  so  that  water  balance 
was  being  maintained  by  the  excretion  of  an  osmotically  con¬ 
centrated  urine.  Whether  this  is  due  to  the  action  of  ADH 
alone  on  the  basis  of  dehydration  or  possibly  on  the  basis 
of  retease  of  histamine  or  other  vasoactive  substances  is 
open  to  speculation.  It  is  possible  that  other  mechanisms 
may  be  involved  as  well. 

Summary 

Studies  of  renal  function  in  seven  burned  patients 
du. ing  the  early  postburn  period  have  been  performed.  The 
most  striking  finding  was  a  depression  of  renal  plasma 
flow  without  proportional  decrements  in  glomerular  fil¬ 
tration  rates.  An  antldiuresis  >,as  also  nc*ed. 

The  decreases  In  renal  flow  are  most  likely  accounted 
for  on  the  basis  of  increased  peripheral  resistance  and 
decreased  cardiac  output 
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Further  studies  combined  with  determinations  of  cardiac 

output  are  warranted  and  are  in  progress. 
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A  further  comparison  of  wound  and  blood  cultures,  to 
determine  the  effect  of  Sulfamylon*  on  the  wound  flora,  was 
carried  out  based  on  clinical  culture  specimens  submitted 
from  Ward  14a.  Bacteremia  continued  to  be  relatively  in¬ 
frequent,  in  contrast  to  experience  prior  to  topical  therapy, 
and  was  associated  with  massive  burns.  Multiple  blood 
stream  infections  appeared  in  one-half  of  the  septicemias. 
Burn  wound  flora  displayed  a  predominance  of  Pseudomonas, 
Aerobacter,  and  staphylococci. 


(1)  Burns  (2)  Infections 


*  Sulfamylon  furnished  by  Sterling-Winthrop  Research 
Institute,  Rensselaer,  New  York. 
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PATHOGENESIS  OF  BURN  WOUND  INFECTION: 

THE  BACTERIAL  FLORA  OF  BURN  WOUNDS  WITH  TOPICAL  SULFAMYLON 

TREATMENT 


The  nature  of  the  infectious  process  in  the  burned  patient 
is  reflected  in  the  clinical  bacteriologic  culture  data  which 
is  collected  during  any  period  of  observation.  Infection  re¬ 
mains  a  major  facet  of  burn  wound  management,  even  though 
effective  control  of  burn  wound  sepsis  has  been  achieved  with 
topical  sulfamylon.'*  The  demand  for  wound  and  blood  cul¬ 
tures  has,  since  the  introduction  of  effective  topical  sulfa- 
mylon  therapy,  remained  at  one-half  the  level  at  whic.i  such 
requests  occurred  prior  to  the  start  of  use  of  sulfamylon  on 
burned  patients.  The  reduction  in  the  intensity  of  burn 
infection,  and  the  virtual  elimination  of  burn  wound  sepsis, 
have  markedly  altered  the  nature  of  the  bacteriologic  aspects 
of  burn  treatment. ^ 


§  f 


i 

I 


V 


Bacteremia,  since  it  is  an  obvious  indicator  of  systemic 
invasion  of  the  burned  patient,  is  basically  an  indicator 
of  the  effectiveness  of  burn  treatment.  In  contrast  to  sur¬ 
face  cultures  of  burns,  which  always  yield  bacteria,  blood 
cultures  offer  an  index  of  burn  wound  invasion.  The  inci¬ 
dence  of  positive  cultures  is,  of  course,  mediated  markedly 
by  the  clinical  signs  and  impressions;  samples  are  usually 
collected  only  when  there  is  a  clinical  indication  for  the 
procedure. 

Table  1  shows  the  contrast  between  1963,  the  last  year 
prior  to  start  of  topical  therapy,  and  1965  when  the  thera¬ 
peutic  procedure  was  firmly  established.  It  was  evident 
that  a  great  difference  in  incidence  of  septicemia  appeared. 

In  1965,  174  patients,  a  new  record,  were  admitted  in  con¬ 
trast  to  1 48  in  1963.  Nevertheless,  in  1963,  351*  blood 
^cultures  were  taken,  as  contrasted  to  288  in  1965.  Eighty- 
four  patients,  or  57%  of  admissions,  had  positive  blood 
cultures  in  1963.  In  1965,*  17,  or  9. 7%  of  the  number  ad¬ 
mitted,  developed  positive  blooo  cultures. 

Prior  to  use  of  topical  therapy,  the  greater  part  of 
the  positive  blood  cultures  showed  but  one  strain  of  organism. 


*  Sulfamylon  furnished  by  Sterling-Winthrop  Research 
Institute,  Rensselaer,  New  York. 


Table  1.  Patients  with  Positive  Blood  Cultures 
1963  and  1965 


Species  No.  Patients  with  Positive  Cultures 

1963:  84  1965:  17 


Pseudomonas  aeruginosa 

29 

8 

Staph,  aureus,  coag.  pos. 

19 

3 

Aerobacter-Klebsiel la  gp. 

17 

7 

Escherichia  coli 

5 

3 

Mima  group 

5 

1 

Proteus  sp. 

6 

5 

Providencia  gp. 

1 

3 

beta-hemolytic  strep. 

4 

0 

alpha-hemolytic  strep. 

6 

0 

Bacillus 

0 

1 

Staph,  a  1  bins,  coag.  neg. 

0 

4 

Serratia  marcessens 

0 

1 

Corynebacterium  pseudo- 
diphtheriticum 

0 

1 

Hafnia  gp. 

0 

1 

No.  of  patients  with  separate 

species 

92 

38 

Total  strains  isolated 

136 

61 

Total  blood  cultures  taken 

354 

288 

No.  patients  admitted 

148 

174 

Thus  in  1 963 j  34  patients  yielded  92  strains  in  blood  cul¬ 
tures.  In  1965*  60  strains  were  recovered  from  17  patients. 
Since  the  diagnosis  of  burn  wound  sepsis  was  virtually  ab¬ 
sent  in  1 965 *  the  patients  with  positive  blood  cultures 
obviously  were  not  so  diagnosed,  even  though  most  of  the 
positive  cultures  came  from  patients  with  massive  burns. 

This  is  reflected  in  the  fact  that  14  of  the  17  patients 
with  positive  blood  cultures  in  1965  died.  These  patients 
had  burns  with  an  average  area  of  67*4%  of  body  surface. 

The  three  patients  who  survived  episodes  of  bacteremia  had 
somewhat  smeller  burns;  their  average  of  total  body  surface 
burned  was  51%.  During  the  final  48  hours  of  life  in  a 
patient  with  messive  burns,  episodes  of  bacteremia  are  not 
uncommon.  Mixed  blood  stream  infections  were  observed  in 
8  of  the  17  patients  with  blood  cultures  positive  in  196?. 
Seven  of  these  yielded  twc  strains  present  in  a  single  cul¬ 
ture  at  least  once.  One  patient  had  three  strains  present, 
a  Pseudomonas,  Aerobacter ,  and  an  E.  col i ,  in  a  single 
blood  culture. 

A  reduction  in  incidence  of  P£.  aeruginosa  in  blood 
cultures  would  be  expected  when  effective  topical  therapy 
was  instituted,  since  it  was  the  principal  causative  agent 
in  burn  wound  sepsis.  Staph,  aureus,  coagu 1  a se -positive, 
was  unexpectedly  infrequent;  it  occurred  in  only  three 
patients.  This  was  surprising  in  view  of  the  fact  that  it 
is  virtually  ubiquitous  on  burn  wounds.  Four  patients  had 
coagul ase-negativc,  non-pigmented  strains  in  the  blood. 
Such  strains  had  been  extremely  rare  in  positive  blood 
cultures  in  past  years.  Aerobacter-Klebsiel la  strains 
and  Proteus  sp£.(both  mirabilis  and  mcrganii  strains) 
were  relatively  more  common  than  they  had  been  in  the  pre- 
sulfamylon  period.  Providencia  strains  were  possibly  more 
common  than  they  were  in  1963.  In  view  of  the  small  number 
of  positive  blood  cultures,  and  the  fact  that  the  1 965 
burns  were  either  massive  (so  that  survival  was  highly 
conjectural),  or  else  complicated  by  other  conditions  not 
related  to  burn  wound  sepsis,  it  is  possible  to  anticipate 
that  with  knowledgeable  use  of  topical  sulfamylon  therapy, 
the  incidence  of  septicemia, as  a  problem  in  burn  treatment, 
will  be  held  to  a  small  fraction  of  the  burns  so  treated. 

Since  the  organisms  have  an  immediate  relation  to  a 
lethal  threat,  the  biological  behavior  of  blood  stream 
isolates  occasion  greater  interest  than  that  of  surface 
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wound  flora.  The  antibiotic  sensitivity  of  27  strains  of 
9  genera  of  organisms  recovered  in  blood  cultures  are 
summarized  in  Table  2.  The  relative  resistance  of  Pseudo¬ 
monas,  Proteus  arid  Aerobacter  strains  is  notable.  Coly- 
mycin  was  the  drug  of  choice  with  these  strains.  With 
staphylococci,  the  penicillanic  acid  derivatives  were  the 
principal  effective  drugs,  but  the  number  of  strains  was 
too  small  to  be  significant. 

The  burn  wound  itself  presents  a  complex  problem  in 
bacterial  ecology.  The  topical  treatment  does  not  sterilize 
the  wound,  and  with  successful  topical  therapy  wound  cul¬ 
tures  are  done  more  in  an  experimental  manner  than  as  an 
actual  guide  to  therapy.  The  proportion  of  species  present 
is  thus  of  more  significance  than  actual  totals.  Table  3 
shows  the  relative  incidence  of  the  wound  surface  flora 
in  1964  and  1965,  compared  to  that  of  1963  when  topical 
therapy  was  not  employed.  This  collection  is  somewhat 
biased  since  the  strains  listed  include  many  cultures  taken 
by  swab  on  occasions  where  there  was  concern  regarding  the 
progress  of  the  wound.  A  random  sample  would  probably  alter 
some  of  these  proportions. 

Pseudomonas  aeruginosa  remained  less  common  when  wounds 
were  treated~wTth  sulfamylon  than  it  was  in  the  pre-sulfa- 
mylor  era,  but  it  was,  in  1965,  the  most  frequently  encountered 
species  with  Aerobacter  in  second  order  of  incidence.  In 
contrast,  in  1$64,  the~Aerobacter  incidence  was  by  far  pre¬ 
ponderant. 

Proteus  spp  (including  principally  P.  mirabilis,  with  P. 
morqanii  also  found),  represented  9-3%  ""of  isolates.  Despite 
the  impression  that  has,  at  times,  appealed  that  Proteus 
strains  were  assuming  greater  importance  since  they  are 
highly  resistant  to  sulfamylon,  this  does  not  appear  to  be 
the  case.  The  other  major  group  of  wound  bacteria  were  the 
staphylococci.  It  was  of  particular  Interest  that  the 
proportion  of  coagulase-negati ve  staphylococci  remained 
relatively  high  in  the  wounds.  The  fact  that  strains  col¬ 
lected  in  1965  showed  a  distribution  quite  similar  to  that 
in  1963  may  reflect  shifts  in  the  microbial  population  not 
as  yet  understood.  There  is,  however,  a  provocative  fact, 
that  the  amount  of  Sulfamylon  HC1  burn  cream  used  per 
patient,  in  1965,  w*s  only  about  60%  of  that  used  in  1964. 
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Table  3.  Bacterial  Flora  of  Burn  Wounds 
1963  -  1965 


Ps.  aeruginosa 

24.1 

16.2 

16.9 

Aerobacter  gp. 

15.2 

23.2 

15-1 

E.  coli 

5.8 

9.0 

8.2 

Mima  gp. 

7.4 

1.0 

2.0 

E.  freundii 

1 .0 

0.5 

0.1 

Proteus  spp. 

6.5 

7.7 

9.3 

Providencia 

1.2 

1.5 

4.8 

Staph,  coag.  pos. 

16.1 

14.0 

14.3 

Staph,  coag.  neg. 

7.2 

13.9 

7.1 

Streptococci 

9.7 

4.3 

4.8 

f  C 
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As  physicians  have  learned  the  technic  of  topics’  therapy, 
it  has  become  evident  that  the  amount  of  covering  needed 
to  prevent  sepsis  is  less  than  was  originally  thought.  With 
this  lessened  application,  certain  ratios  of  bacterial . 
identity  have  returned  to  a  pattern  resembling  that  of 
1963.  The  Ps.  aeruginosa  proportion,  however,  did  not  change 

Streptococci  were  not  broken  down  into  groups  in  pre¬ 
vious  years,  but  in  1965,  presumptive  bacitracin  sensi¬ 
tivity  screening  was  used  to  differentiate  the  Group  A 
strains.  Out  of  39  strains  recovered  from  wounds,  22  were 
Group  A.  This  strain  is  principally  a  problem  in  infections 
of  skin  grafts.  It  responded  promptly  to  penicillin  therapy 
when  such  infection  occurred. 

Other  species  of  interest  included  11  strains  of  Candi da 
albicans.  One  patient,  a  child  of  18  months,  arrived  at 
the  Surgical  Research  Unit  after  treatment  for  a  week  with 
soaks  of  neomycin.  The  wound  was  a  pure  confluent  mass  of 
Candida  albicans.  A  burn  cream  of  10,000  units  per  gram 
of  oraT  mycostatin  was  improvised,  and  in  two  days  of  topi¬ 
cal  treatment  the  Candida  was  gone,  replaced  by  Pseudomonas 
aeruginosa.  The  latter  responded  to  topical  sulfamylon 
therapy.  The  full  extent  of  infection  risk  due  to  Candida 
is  not  known. 

In  summary,  the  microbial  flora  of  the  blood  stream  in 
burned  patients  treated  with  sulfamylon  cream  during  1965 
showed  the  same  striking  difference  when  compared  with  the 
pretopical  treatment  period  that  had  been  observed  in  1964. 
The  confirmation  of  the  initial  *vpw. ience  with  the  topical 
therapy  supported  the  concept  that  the  improvement  in  burn 
wound  survival  is  real.  The  positive  blood  cultures  seen 
in  1965  typify  massive,  lethal  burns,  but  do  not  represent 
a  cor.seguence  of  wound  sepsis. 

In  the  case  of  the  burn  wound,  the  alteration  in  flora 
was  not  as  notable  as  was  the  case  with  the  blond  stream. 

The  bacterial  population  in  sulf amyl  on-treated  wounds  was 
quantitatively  reduced.  Species  present,  however,  were  those 
also  seen  in  unprotected  wounds. 
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5.  Investigators:  Robert  B.  Lindberg,  Colonel,  MSC 

Anthony  A.  Contreras,  M.S. 
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Nine  antibiotics,  including  for  the  first  time  lincomycin 
hydrochloride  (Lincocin)*  and  sodium  nafcillin  (Unipen)/, 
were  assessed  for  antibiotic  activity  against  20  recently  iso¬ 
lated  strains  each  of  Pseudomonas  aerugi nosa,  Proteus  spp, 
Aerobacter-Klebsiel la  group,  staphylococci  and  non-group  A 
hemolytic  streptococci.  Pseudomonads  were  sensitive  in  general 
only  to  colistin  sulfate  (Coly-Mycin)**;  the  Aerobacter- 
Klebsiel  1  a  group  varied  widely  in  sensitivity,  with  oxytetra- 
cycllne  hydrochloride  (Terramycin) t  the  most  consistently 
effective  antibiotic;  Proteus  spp  were  virtually  totally  re¬ 
sistant,  and  the  gram  posi tive  cocci  showed  wide  variation  in 
sensitivity.  The  staphylococcus  strains  were  approximately  50 
per  cent  resistant  to  the  penici 1 lani c  acid  derivatives. 


(i)  Burn  wound  flora  (2)  Antibiotic  sensitivity 


*  Lincocin  furnished  by  Upjohn  Company,  Kalamazoo,  Michigan. 

/  Unipen  furnished  by  Wyeth  Laboratories,  Philadelphia,  Pa. 

**  Coly-Mycin  furnished  by  Warner-Chi 1 cott  Labs.,  Morris  Plains, 
New  Jersey. 

t  Terramycin  furnished  by  Chas. Pfizer  &  Co., Inc.,  New  York. 


ANTIBIOTIC  SENSITIVITY  OF  CURRENT  BURN  WOUND  FLORA 


In  a  burns  unit  concerned  with  treating  injuries  in  which 
infection  is  a  continuing  problem,  a  surveillance  of  the  sen¬ 
sitivity  of  burn  wound  flora  is  virtually  a  necessity.  Burn 
wound  sepsis  hac  been  successfully  controlled  in  the  Surgical 
Research  Unit  by  use  of  topical  sulfamylon,  but  it  cannot  be 
assumed  that  burn  wound  infection  has  been  entirely  eliminated. 
Burn  wound  infection  has,  during  the  past  decade,  seen  empha¬ 
sis  shift  from  a  predominant  role  of  gram-positive  cocci  to  a 
situation  in  which  gram-negative  bacilli  are  the  problem  or¬ 
ganisms.  Organisms  presently  regarded  as  benign  or  at  worst 
readily  managed  may  be  supplanted  by  invasive  strains  which 
could  alter  the  equilibrium  between  bacteria  and  the  wound 
with  dismaying  rapidity. 

In  consequence  of  the  dynamic  nature  of  the  balance  be¬ 
tween  invasive  wound  infection  and  the  therapeutic  tools 
available,  the  investigation  of  new  antibiotics  and  a  con¬ 
tinued  review  of  the  effectiveness  of  certain  older  forms 
are  a  continuing  study.  A  collection  of  strains  currently 
isolated  from  clinical  material  offered  a  suitable  assort¬ 
ment  for  sensitivity  tests  to  be  used  as  a  guide  for  therapy. 

Test  Antibiotics  and  Manufacturers 

Oxytetracycl ine  hydrochloride  (Terramycin) ,  Pfizer, 

Sodium  cephalat'nin  (Keflin),  Eli  Lilly. 

Colistin  sulfate  (Coly-flycin) ,  Warner-Chi Icott. 

Lincomycin  hydrochloride  (Lincocin),  Upjohn. 

Sodium  nafcillin  (Unipen),  Wyeth. 

Kanamycin  sulfate  (Kantrex) ,  8ristol. 

Sodium  dimethoxyphenyl  penicillin  (Staphci 1 Hn) ,  Bristol. 

Sodium  oxaci 1 lin  (Prostaphlin) ,  Bristol. 

Sodium  cloxacillin  (Tegopen) >  Bristol. 

Test  Organisms 

These  strains  were  collected  between  November  1965  end 
March  1966.  The  sources  of  these  collections  are  indicated. 
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Methods 

Aqueous  dilutions  of  the  test  antibiotics'  were  made  s<- 
that  the  final  tube  dilution  contained  the  following  concen¬ 
tration  ( |xg/ml )  25.0,  12.5,  6.2,  3.1*  1.5*  and  0. 78.  A 
representative  colony  of  each  test  strain  was  inoculated  in 
7.5  ml  trypticase  soy  broth  (BBL)  and  incubated  at  37°  C  for 
4-6  hours,  A  1;!00  dilution  of  this  seed  culture  was  made 
in  double  strength  trypticase  soy  broth  to  serve  as  the 
standard  test  inoculum. 2-4  The  tube  tests  were  performed  by 
mixing  0.5  m!  of  each  concentration  of  the  aqueous  antibiotics 
with  0.5  ml  of  each  test  inoculum.  The  1,0  ml  mixtures  were 
then  incubated  at  37°  C  for  24  hours  and  visually  examined 
for  turbidity.  The  minimal  inhibitory  concentration  (MIC) 
was  designated  as  the  last  tube  showing  no  growth. 

Resul t? 


Table  1  shows  the  results  of  the  sensitivity  tests  with 
Pseudomonas  aeruginosa  on  oxytetracycl ine  hyarochloride, 
sodium  cerhaiathin,  kanamycin  sulfate,  and  colistin  sulfate. 
For  several  years  an  arbitrary  criteria  of  12.5  ng/ml  as  the 
line  of  division  between  sensitive  and  resistant  gram-nega¬ 
tive  bacteria  has  been  used.  Thus,  13  of  20  strains  (65%) 
in  Table  1  were  sensitive  to  oxytetracycl ine  hydrochloride. 
The  Table  shows  that  sodium  cephalathin  and  kanamycin  sul¬ 
fate  were  not  effective  at  25.0  pig/ml .  Colistin  sulfate 
showed  the  greatest  effectiveness,  with  20  random  strains 
being  inhibited  at  3.1  jig/m  I  (100%  sensitive). 

Table  2  shows  the  sensitivity  tests  of  20  strains  of  the 
Aerobacter-Klebsiel la  group  against  oxytetracycl ine  hydro¬ 
chloride,  sodium  cephalathin,  kanamycin  sulfate,  and  colistin 
sulfate.  These  strains  were  all  sensitive  to  concentrations 
of  oxytetracycl  ine  HC1  below  12.5  fjuj/ml  with  10  of  20  strains 
exhibiting  a  consistent  sensitivity  at  3.1  ng/ml .  Sodium 
cephalathin  was  effective  against  14  of  20  strains  (70%)  at 
12.5  pg/ml  to  6.2  ng/ml.  Only  9  of  20  strains  (45%)  were 
sensitive  to  kanamycin  sulfate.  Colistin  sulfate  was  effec¬ 
tive  at  concentrations  from  12.5  p,g/ml  (8/20)  to  6.2  |tg/ml 
(4/20)  with  s  total  of  15  of  20  stfrains  (65%)  sensitive. 

Table  3  3hows  the  results  of  tests  on  Proteus  species 
with  oxytetracycl ine  HC1,  sodium  cephalathin,  kanamycin 
sulfate,  and  colistin  sulfate.  The  strains  included 
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P.  ml rabilis,  P.  vulgaris,  and  P.  morgani .  Only  5  of  20 
strains  (^5%)  were  sensitive  .o”oxytetracycl ine  hydro¬ 
chloride,  while  8  of  20  strains  (40%)  were  sensitive  to 
sodium  cephalathin.  Only  one  of  20  strains  was  sensitive 
to  kanamycin  sulfate,  and  none  were  inhibited  by  colistin 
sulfate. 

Table  4  shows  results  of  sensitivity  studies  with 
coagulase-pcsitive  staphylococci  against  a  selected  group 
of  antibiotics  regarded  as  particularly  effective  for  this 
organism.  Oxytetracycl ine  hydrochloride,  lincomycin  hydro¬ 
chloride,  sodium  cephalathin,  sodium  cloxaci  1 1  ir,  methicIMin, 
sodium  oxacillin,  and  sodium  nafcillin  were  used.  Only  6  of 
20  strains  (30%)  were  sensitive  to  oxytetracycline  HC1,  anc 
of  these  five  had  an  endpoint  at  0.78.  Lincomycin  HC1  was 
effective  in  only  9  out  of  20  strains  (45%)  tested.  Sodium 
cephalathin  was  effective  against  13  of  20  strains  (65%) 
with  the  majority  of  strains  inhibited  by  0.78  pg.  Sodium 
cloxacillin  showed  similar  results  with  14  of  20  strains 
(70%)  sensitive.  The  results  with  methicillin  showed  that 
only  10  of  20  strains  (53%)  were  sensitive.  Experience  has 
shown  that  this  particular  antibiotic  may  vary  between  lots, 
so  that  continuous  monitoring  is  necessary  to  assure  an 
accurate  result  in  sensitivity  tests.  Sodium  oxacillin, 
another  penicitlanic  acid  derivative,  showed  results  similar 
to  those  with  methicillinj  strains  were  either  very  resistant 
or  very  sensitive.  Sodium  nafcillin  exhibited  an  activity 
similar  to  the  newer  penicillins  and  at  12.5  pg  inhibited 
65  per  cent  of  the  test  strains.  The  non-group  A  beta 
hemolytic  streptococci,  as  gram-posl tive  organisms,  were 
also  tested  against  the  same  antibiotics  as  the  staphylococci. 
Table  5  shows  these  results.  It  was  interesting  to  note  that 
in  test  series  a  single  strain  out  of  20  grew  above  the  6.2 
pg/ml  concentrationj  all  others  were  consistently  sensitive 
to  less  than  6.2,  with  the  majority  at  0.78  pg/ml . 

Discussion 


% 


The  20  strains  of  recent  Isolates  of  o>  ganl sets  which 
are  prominent  in  the  burn  wound  flora  were  tested  against 
antibiotics  appropriate  to  the  category  of  bacteria.  Thus, 
Pseudomonas,  Aerobacter,  and  Proteus  strains  were  tested 
against  oxytetracycline  HC1,  sodium  cephalathin,  colistin 
sulfate,  and  kanamycin  sulfate.  Staphylococci  and  hemo¬ 
lytic  streptococci  (primarily  Group  0)  were  tested  with 


Sodium  nafci  1 1  in 
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oxytetracycl ine  HC1,  lincomycin  HC1,  sodium  cephalethin, 
sodium  cloxacillin,  methicillin,  sodium  oxacillin  and 
sodium  nafci 1 1  in. 

Pseudomonas  strains  were  essentially  resistant  to  all 
antibiotics  except  colistin  sulfate.  The  Aerobacter  strains 
varied  in  their  response  to  antibiotics  but  oxytetracyclirie 
HC1  was  the  most  consistently  effective  antibiotic.  Proteus 
spp.  were  resistant  to  the  entire  spectrum  of  antibiotics 
tested. 

Among  gram-positive  cocci,  wide  variations  in  response 
to  test  antibiotics  were  found.  The  staphylococci,  all 
coagulase  positive,  were  divided  into  relatively  resistant 
and  highly  sensitive  categories.  Thus,  with  the  penicillanic 
acid  derivatives,  strains  were  either  highly  resistant  or 
very  sensitive.  This  pattern  was  essentially  the  same  for 
the  whole  spectrum  of  antibiotics  tested; 

The  streptococci  were,  except  for  one  strain,  highly 
sensitive  to  the  entire  set  of  antibiotics  tested.  Sodium 
cephalathin  was  especially  potent  with  this  group  of 
organisms. 
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*(U)  Tech  Objective  >  Determine  the  effect  of  topical  therapy  on  phage  type  and 
comparison  with  other  sources. 

(U)  Approach  -  Phage  typing,  using  previously  established  typing  system,  was  carried 
out  on  Piaurftyanas  eeruolncsa  strains  collected  from  bum  ward,  renal  ward,  and  from 
..other  hospitals. 

(U)  Progress  (Jul  65-Jun  66)  -  It  has  now  become  apparent  that  Pseudomonas  strains 
from  a  hum  population  Intensively  treated  with  Sulfteyion  HCI  acquire  e  significant 
Increase  In  phagm»res I stance,  as  reflected  In  the  continued  presence  of  non  typable 
®tT)  strains  comprising  1/4  of  the  strains  collected  on  the  bum  ward.  NT  strains 
do  not  appaor  elsewhere  In  proportions  above  HI  to  6&  of  total  strains.  Typa 
21,  68,  constituting  9%  of  the  total  tested,  continued  as  most  coawon  type  and  thus 
Indicates  that  e  resistant  predominant  type  can  become  established. 
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Phage  typing  of  Pseudomonas  aeruginosa  strains  from  the  Burn 
Ward  and  Renal  Sections,  and  from  other  hospital  sources  was 
carried  out  to  delineate  the  precise  nature  of  Pseudomonas 
epidemiologic  status  In  the  presence  of  continued  sutf^amylon 
therapy.  It  now  appears  that  a  resident  predominant  flora  of 
pKfge  type  21,68,  and  a  large  component  of  non-typable  (NT) 
strains  has  become  established  during  the  past  year.  The  NT 
population  Is  unique  to  this  unit  In  contrast  to  the  typable 
strains  found  elsewhere,  and  appears  to  reflect  the  Influence 
of  sulfamylon  on  the  strains.  A  group  of  seven  severely  burned 
Individuals  from  a  single  accident  Introduced  a  distinctive 
phage  pattern  that  furnished  unique  data  on  the  relationship 
between  exotic  and  resident  flora  of  Ps.  aeruginosa. 


p)  Phage  typing 

(2)  Pseudomonas  aeruginosa 


BACTERIOPHAGE  TYPING  OF  PSEUDOMONAS  AERUGINOSA  IN  BURNEO 
PATIENTS:  EPIDEMIOLOGY  OF  BURN  WARD  INFECTING  STRAINS 


The  definitive  phage  typing  system  which  has  been  developed 
in  this  laboratory  has  been  applied  in  a  continuing  assessment 
of  the  Pseudomonas  aeruginosa  problem  in  the  Burn  WardJ  Epi¬ 
demiologic  considerations  remain  of  importance  despite  the 
altered  environmental  factor  that  has  been  introduced  with 
topical  sulfamylon  therapy.  It  has  become  evident  that  such 
therapy,  while  it  may  eliminate  Pseudomonas  from  the  wound 
during  the  period  of  intensive  treatment,  does  not  remove  it 
from  the  ward  population.  Routine  culturing  of  wounds  showed, 
during  1964  and  1965,  a  one-third  reduction  in  the  incidence 
of  £s.  aeruginosa. 2  The  altered  aspect  of  wound  pathogenesis 
achieved  w'th  the  control  of  burn  wound  sepsis  has,  however, 
been  accompanied  by  an  abrupt  and  apparently  persistent  altera¬ 
tion  in  the  Pseudomonas  flora  of  the  burned  patient.  The 
organism  is  still  found,  but  in  a  significant  number  of  cases 
it  appears  to  be  altered  in  its  phage  reactions,  which  means 
that  the  genetic  structure  of  the  bacterial  population  has 
changed.  The  simultaneous  presence  of  Pseudomonas  in  the 
Ranal  Section  was  modified  during  the  year  by  a  frequent  in¬ 
flux  of  burned  patients  into  the  Trauma  Ward,  so  that  the 
Burn  Ward  flora  was  much  more  actively  disseminated. 3 

Materials  and  Methods 

The  selection  of  phages  for  a  typing  system  was  accom¬ 
plished  two  years  ago.  The  propagation  and  Identification 
procedure  for  the  typing  strains  remains  a  critical  aspect 
of  this  procedure.  Identity  patterns  have  been  used  at 
intervals  to  make  sure  the  phages  have  not  altered.  This 
is  particularly  Important  with  Ps.  aeruginosa  since  these 
strains  are  so  commonly  lysogenTc  tTiat  any  strain  which 
appears  not  to  be  carrying  prophage  Is  scrutinized  with 
great  care  to  be  certain  it  Is  Indeed  non- lysogenic. 

Strains  of  Pseudomonas  were  not  sought  as  industriously 
as  in  previous  years  from  other  hospitals.  This  activity, 
although  Intei siting,  had  not  produced  a  homoganeity  of 
result  that  suggested  a  cannon  pattern  for  virulent 
pseudomonads. 

Observations 


Pseudomonas  Phaoe  Types  In  Sural  cal  Research  Ur.1t  Burn 
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Ward  Patients,  1965-  Four  hundred  eighty-eight  strains  of 
Pseudomonas  from  burned  patients  were  submitted  to  phage  type 
T3entlTT  cation  in  1965.  Fourteen  of  these  were  recovered 
from  the  blood  stream  of  10  critically  ill  patients.  The  re¬ 
maining  471  were  composed  of  specimens  primarily  from  the 
burn  wound,  but  also  from  urine,  tracheal,  catheter,  and 
autopsy  samplings.  Pseudomonas  strains  were  obtained  from 
105  of  the  174  patients  admitted  to  the  Burn  Ward  during  the 
year.  Determination  of  the  most  prevalent  types  was  based 
on  the  number  of  patients  with  a  particular  type  rather  than 
numbers  of  strains  since  a  single  patient  with  numerous  strains 
of  one  given  type  can  obscure  the  distribution  picture. 

The  predominant  types  from  all  sources  are  listed  in 
Table  1 .  The  types  listed  represent  64.5  per  cent  (315 
strains)  of  the  total  strains  examined;  the  remaining  35*5 
per  cent  (173  strains)  were  of  56  other  phage  types,  no  one 
type  occurring  in  more  than  two  patients.  This  multiplicity 
of  typos  will  be  discussed  later. 

The  predonr, inant  strain  encountered  was  non-typable  (NT) 
represented  by  138  (28%)  strains  in  38  patients  (36%).  In 
1964,  an  abrupt  rise  in  the  NT  strains  was  noted;  the  per 
ctent  strains  NT  in  previous  years  had  been  relatively  low. 

In  1961,  6  per  cent;  1962,  3  per  cent;  1963,  5  per  cent; 
however,  in  1964,  the  percentage  rose  to  25  per  cent,  and 
for  1965  was  slightly  hi  her.  The  question  of  whether  or  not 
the  extensive  use  of  sulfamylon  cream  begun  in  January,  1964 
has  selectively  altered  the  burn  wound  Pseudomonas  population 
remains  an  unproven  hype  thesis.  The  pcss^M I ity  exists  that 
(a)  the  NT  strains  are  more  resistant  to  sulfamylon,  there¬ 
fore,  show  a  higher  incidence;  (b)  sulfamylon  may  alte  the 
phage  susceptibility  of  typable  strains  so  that  they  become 
NT;  or  that  there  has  been  (c)  establishment  and  transmission 
of  NT  strains  with  no  relation  to  topical  therapy. 

The  most  common  type  recognized  was  type  21,68.  Nine 
per  cent  of  all  strains  from  23  per  cent  of  patients,  were  21, 
68.  This  type  was  the  second  most  prevalent  type  in  1963, 
and  the  most  cootnon  type  in  1964.  It  appears  to  have  become 
a  well-established  burned  patient  type.  Such  a  phenomenon 
has  not  previously  occurred. 

Third  in  incidence  were  strains  of  phage  type  21,31,68; 


Lcr>«  Incidence  '60,  '6(;  2d  mokt  prevalent  >n  :62 
low  Incidence  '6J,  '6*» 
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these  constituted  eight  per  cent  of  all  strains,  and  were 
collected  from  14  per  cent  of  the  patients.  This  strain 
shares  two  factor  reactions  with  type  21,68,  but  is  never¬ 
theless  a  completely  sef  ate  type.  21,31,68  strains  were 
the  most  common  in  ihe  un;  during  1962,  and  were  the  third 
most  common  strain  in  1963.  They  were  present  in  that  year 
only  until  June,  however;  they  then  disappeared  for  18 
months,  to  reappear  in  1965.  There  is  no  obvious  explana¬ 
tion  for  this  disappearance  of  a  predominant  type  for  a 
period  of  18  months,  followed  by  its  reappearance  as  an 
infecting  strain.  It  remains  a  question:  is  it  the  same 
strain  which  has  been  present  but  not  observed  for  an  ex¬ 
tended  period  of  time,  or  is  it  a  new  strain  of  the  same 
type  which  has  been  introduced  into  the  ward  from  a  new 
admission  or  perhaps  a  member  of  the  staff?  Presently 
there  is  no  way  to  tell;  future  plans  include  preserving 
representative  strains  of  predominant  types  so  that  a 
retrospective  comparison  could  be  made. 

The  fourth  most  common  type  during  1965  was  a  strain 
of  type  "4,  which  constituted  five  per  cent  of  the  strains 
from  8.6  per  cent  of  the  patients.  This  is  a  type  that  was 
observed  in  patients  in  previous  years.  It.  was  the  third 
most  common  strain  in  1961,  but  wos  relatively  rare  in 
1962  and  1963,  and  was  not  seen  at  a « 1  in  1964.  Here, again, 
is  a  strain  which  disappeared  from  the  ward,  only  to  re¬ 
appear  after  being  absent  for  approximately  one  and  one-half 
years. 


Half  of  the  strains  typed  during  the  year  fell  into 
one  of  the  first  four  categories  listed.  The  remainder  of 
the  12  types  listed,  each  occurred  in  no  more  than  five 
patients.  Seven  of  these  were  new  types,  that  is,  not  pre¬ 
viously  observed  in  Surgical  Research  Unit  burn  wound  flora; 
three,  7,31;  2,7,73 , 1 1 9X ,M4;  and  (1214),  have  been  seen  in¬ 
frequently,  and  two  (M6)  and  31  were  prevalent  types  in  prior 
years  but  are  now  uncommon. 

Tnere  were  56  additional  types  seen  during  the  year 
which  could  be  added  to  this  list.  The  multiplicity  of 
types  seen  ir;  che  burned  patient  flora  has  been  noted  in 
previris  years,  but  the  diversity  in  this  years'  strains  is 
much  more  extreme  tMn  was  previously  seen.  Possibly  the 
great  increase  in  the  number  of  patients  was  a  factor,  since 
it  added  new  strains  to  a  population  of  established  strains. 
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This  assumes  that  patients  may  be  seeded  or  infected  with 
Pseudomonas  upon  their  arrival,  which  is  not  infrequently  tne 
case.  It  should  be  pointed  out  that,  continuing  the  trend 
first  noted  in  1964,  the  phage  types  seen  as  most  common  are 
decidedly  simpler  in  pattern  than  was  the  case  in  years  be¬ 
fore  1963. 

Pseudomonas  Phage  Types  in  Blood  Stream  of  Burned  Patients, 
1965.  Blood  stream  invasion  by  Pseudomonas  is  associated 
with  a  high  mortality.  Blood  stream  strains  hence  merit 
special  scrutiny. 

During  1965,  14  strains  were  recovered  from  the  blood 
stream  of  10  patients.  Three  additional  strains  from  two 
autopsies  were  listed  as  blood  cultures,  but  of  course  come 
under  the  head  of  autopsy  strains.  These  results  are  shown 
in  Table  2.  Type  21,68  was  the  type  most  common  in  blood 
cultures  and  appeared  in  five  patients  with  five  strains.  The 
remaining  nine  strains  included  nine  types;  NT  Pseudomonas 
appeared  in  only  one  patient.  Two  patients  had  two  types 
isolated  from  the  blood,  while  a  third  patient  harbored 
three  types.  These  14  strains  were  of  10  phage  types,  which 
emphasizes  the  fact  that  no  one  type  can  be  incriminated  cis 
the  truly  invasive  strain  in  severe  burn  injury.  This  type 
is  consistent  with  the  great  diversity  of  wound  strains  seen 
in  1965  in  patients  admitted  to  the  Surgical  Research  Unit. 

Chronologic  Sequence  of  Phage  Types  in  Burn  Ward 
Patients,  196h  and  1965-  The  figure  i i lustrates  graphi ca 1 1 y 
the  temporal  distribution  of  the  more  prevalent  types  in  burned 
patients  during  1964  and  1965.  As  has  been  shown  in  prior 
years,  certain  types  appear  in  the  burned  patient  flora 
and  persist  for  lengthy  periods  while  others  disappear  or  occur 
sporadically.  It  appears  probable  that  with  the  addition  of 
new  patients,  new  types  are  constantly  being  introduced  into 
the  already  diverse  population  of  Pseudomonas  strains.  In 
the  figure,  the  phage  type  appears  at  the  left.  The  time 
during  which  it  occurred  is  blocked  in  with  the  incidence 
(number  of  patients/number  of  strains). 

Type  7,31  W3s  first  seen  in  three  patients  in  1963  and 
carried  over  in  one  patient  to  January  1964;  it  was  not  ob¬ 
served  for  17  months  and  reappeared  in  four  patients  in  1965* 
Type  31  is  a  persistent  strain  seen  in  each  year  since  I960, 
almost  always  in  low  incidence.  However,  during  1962  it  was 


Table  2.  Phage  Types  of  Pseudomonas  Recovered  from 
Blood  Cultures,  1965 


Patient 

No. 

%  Body  Surface 
Burned 

No.  of 
Strains 

Phage  Type 

1 

25* 

1 

(31,68) 

2 

65 

1 

109 

3 

85 

1 

44,1214 

4 

71 

1 

21,68 

5 

50 

1 

21 ,68 

6 

90 

1 

2,7,73 

7 

79 

1 

NT 

8 

79 

1 

2,21,68 

1 

21,31,68 

50 

1 

21,68 

1 

24 

10 

85' 

1 

21,68 

1 

2,7,21,24,44,1214,352, 

119X,F7,M4 

1 

2, 7,21, 44, 1214, 68, 119X 

* 

** 


Patient  recovered  from  burn;  death  due  to  acute  pancreatitis 
This  patient  survived.  All  others  listed  succumbed. 
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the  second  most  prevalent  type.  It  continues  to  reappear 
occasionally.  Type  21  was  the  most  common  type  in  1963.  It 
was  rare  in  1964  and  appeared  in  only  one  patient  in  1965. 

Type  21,1214,68  was  the  fifth  in  prevalence  in  1964,  but  only 
one  strain  was  found  in  1965.  NT  strains  have  been  seen  in 
all  years,  but  there  was  a  sharp  increase  in  1964  and  1965 
as  previously  noted.  Type  21,68  is  almost  unique  in  its 
persistence.  It  is,  in  this  respect,  as  prominent  as  the  NT 
strains.  Type  31,1214,68  and  (1!9X)were  each  observed  in 
four  patients  during  1964.  They  did  not  appear  in  1965.  Type 
68  was  a  common  burn  type  in  earlier  years,  and  was  the  third 
most  prevalent  in  1964.  It  then  disappeared;  it  has  not  been 
seen  for  one  and  one-half  years.  Type  (31,68)  was  the  fourth 
most  prevalent  in  1964,  but  appeared  in  only  two  patients  in 
1965.  Type  (1214)  was  relatively  uncommon  in  both  years.  Type 
31,11 9X  has  been  a  common  burn  type  but  appears  sporadically 
and  in  relatively  low  incidence.  Type  (M6)  was  the  fourth 
most  prevalent  type  in  I960,  second  most  prevalent  in  ly6l, 
and  was  not  seen  again  until  1964  in  a  single  patient.  It 
reappeared  in  1 965  in  five  patients.  Types  44, 1214, M6  and  24,31, 
44, 1214,352, 1 1  9X,F7 ,M6  are  new  types  in  1 965 .  They  had  never 
before  appeared  here.  Type  21,31,68  was  the  most  prevalent 
type  during  1962,  third  most  prevalent  in  1963,  and  disappeared 
in  1964,  to  return  in  a  high  incidence  in  1965.  With  the  ex¬ 
ception  of  type  24,  the  last  six  types  listed  were  new  types 
not  previously  observed  here.  Type  24  was  the  third  most  pre¬ 
valent  in  1961.  It  was  very  rare  in  1962  anh  '963,  was  not 
seen  in  1964,  and  then  appeared  in  nine  patients  in  1 965 . 

These  pattern  distributions  illustrate  the  problem  of  the 
epidemiology  of  Pseudomonas  strains  in  a  burn  ward.  Presently 
the  population  appears  to  be  stabilized  with  the  NT  (if  these 
are  a  type)  and  21,68.  Other  types  occur  sporadically:  7,31; 
31,21;  21,1214,68;  (31,68);  (1214);  3 1 , 1 1 9X ;  (M6) ;  21,31,68; 
and  24.  These  tend  to  reappear  at  intervals.  Then,  there 
are  a  constant  succession  of  new  types:  44, 1214, M6;  24  ; 

1214,68;  2,7,21,68,73;  1 1 9X;  and  2,7,21 ,24,44,1214,352,1 19X, 
F7,M4.  These  will  not,  in  the  main,  become  established,  in 
light  of  previous  experience,  but  everyone  of  them  is  a  po¬ 
tentially  important  pathogen.  The  disappearance  of  types 
31,1214,68;  ( 1 1 9X) ;  and  68  has  no  explanation;  they  were  there, 
then  they  were  gone.  During  the  period  of  predominance,  some 
of  these  types  seemed  as  firmly  established  as  21,68  is  today. 
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Pseudomonas  Phage  Types  in  Physiotherapy  Clinic,  1965. 

Many  questions  remain  concerning  the  mode  of  transmission  of 
Pseudomonas  strains.  The  Hubbard  tank  in  the  Physiotherapy 
Clinic  where  patients  continually  undergo  hydrotherapy  treat¬ 
ment  provide  a  constant  site  for  transmission  of  Pseudomonas 
assuming  the  tanks  are  not  properly  disinfected  before  and 
after  patient  use.  These  strains  are  of  interest  because  of 
their  value  in  offering  an  insight  into  the  mode  of  transmis¬ 
sion  of  types  and  assessing  the  effectiveness  of  the  disin¬ 
fecting  process. 

There  were  3*+  strains  of  Pseudomonas  recovered  from  water 
in  the  Hubbard  tanks.  Most  were  taken  after  patient  use. 

The  types  of  these  strains  are  shown  in  Table  3.  Also  listed 
are  the  dates  on  which  they  were  isolated  and  number  of  strains 
of  each  type.  The  majority  of  these  strains  (24)  were  isolated 
during  April.  The  predominant  strain  found,  six  strains,  was 
NT,  followed  closely  by  21,68  with  five  strains.  This  is  con¬ 
sistent  with  the  order  of  prevalence  seen  in  burn  wounds.  Three 
strains  each  of  type  31, M6  and  2,7,21  68 ,11 9X  were  found.  These 
are  burned  patient  types  (two  patients  in  1965).  There  were 
two  strains  each  of  24,31 ,44, 1214,352, 1 19X,F7,M6;  2,7,44,109, 
352, F8 ;  2,7,21,31;  and  (M6) .  The  first  (three  patients)  and 
fourth  (five  patients)  are  burn  types.  Only  one  strain  of 
each  of  the  other  nine  listed  types  was  found.  Four  of  these 
are  types  that  have  not  been  found  in  burns:  2,7,2!,119X; 

2,7,21 ,4F,68, 109,352, 1 19X,F8,M6j  2,7,21;  and  2,7,31.  Eight 
strains  of  six  types  could  not  be  correlated  with  a  history 
matching  a  "burned  patient"  type.  These  might  be  assumed  to 
arrive  via  some  outside  source,  or  they  might  have  been  from 
burned  patients  from  whom  no  strains  had  been  cultured.  Further, 
a  patient  could  be  cultured  and  yield  a  dif'  *ent  type.  The 
extreme  complexity  of  the  Ps.  aeruginosa  ep.demiology  is  illus¬ 
trated  in  these  34  strains,  of  17  types,  from  the  hydrotherapy 
equi pment. 

Pseudomonas  aeruginosa  in  Renal  Patients.  The  Renal  Branch, 
Ward  1 ,  is  physically  separated  from  the  Burn  Ward,  but 
traffic  is  heavy  between  the  two,  and  more  important,  patients 
from  the  burn  ward  overflow  increasingly  into  the  Renal  Branch. 
It  would  then  be  expected  that  we  would  seen  strains  from  the 
Burn  Ward  in  the  Renal  Branch. 


Fifty  strains  of  Pseudomonas  aerugi nosa  were  recovered  from 
seven  renal  patients  in  1965.  The  types  are  listed  in  Table  4, 
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Table  4.  Phage  Types  of  Pseudomonas  from  Renal 
Patient,  Surgical  Research  Unit, 1965 


i 


Patient  No. 


Phage  Type  _ 1 _ 2 3  4  5 


2,7,3M19X,m4  7  16 

68  7  14 

31,44,1214,352  1  1 

1214, M6  1 

(31,68)  1 

31,1 19X  2 

21 ,31 » 68 ,11 9X  6 

21, M6  2 

NT  1 
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Twenty-three  strains  came  from  two  patients.  This  type, 

2,7,31  , 1  19X,M4,  appeared  i r.  the  Burn  Ward  in  six  patients  in 
1962,  and  in  one  burned  patient  late  in  1965.  Type  68  was 
found  12  times  in  a  total  of  three  patients;  it  had  been 
common  until  June  of  1964,  and  has  not  been  seen  since.  Type 
31,44,1214,352,  once  each  in  two  patients,  has  not  been  found 
in  burns  here.  Type  121 4,M6,  occurred  once  in  one  patient, 
it  was  found  in  a  burned  patient  who  was  also  dialyzed.  Type 
(31,68),  found  once  in  the  Renal  Branch,  was  prominent  in 
burns  in  1964  and  in  two  patients  in  1965.  Type  31,11 9X  had 
been  a  burn  strain  in  1964  and  1965.  Type  21 ,31 ,68, 1 1 9X,  seen 
here,  had  only  once  before  been  seen  in  a  burned  patient  in 
I960.  Type  21, M6  is  a  strain  never  recorded  in  burns.  Thus, 
there  is  an  indication  that  strains  from  the  burn  ward  are 
getting  into  the  Renal  Branch  in  a  much  more  noticeable  way 
than  was  the  case  prior  to  1 965 • 

Six  renal  patients  out  of  seven  had  two  types  in  their 
specimens.  Unlike  the  burn  ward,  the  proportion  of  NT  in 
renal  patients  was  minimal.  The  absence  of  NT  suggests  that 
the  renal  population  is  definitely  protected  from  indiscimi- 
nate  seeding,  since  the  two  most  common  patterns,  NT  and  21,68, 
were  not  found  on  the  Renal  Branch. 

Pseudomonas  Phage  types  from  Other  Installations.  The 
identity  of  Pseudomonas  strains  from  other  parts  of  the  country 
is  of  interest  in  several  ways.  It  validates  the  thesis  of 
the  diversity  of  types  which  we  see  in  the  Surgical  Research 
Unit;  it  confirms  the  adequacy  of  the  typing  system  that  has 
been  developed  here;  and  it  validates  the  large  NT  population 
of  strains  that  are  being  recognized  in  the  Surgical  Research 
Unit  Burn  Ward.  Three  sets  of  cultures  were  sent  to  this 
laboratory  for  typing. 

The  strains  from  the  Henry  Ford  Hospital  included  especially 
strains  from  corneal  ulcers  and  from  ventricular  fluid  cul¬ 
tures  in  which  indwelling  catheters  had  led  to  contamination. 
The  type  distribution  is  listed  in  Table  5- 

The  diversity  of  strains  is  notable.  Several  of  thes1' 
strains  hove  been  seen  at  one  time  or  another  in  this  labora¬ 
tory,  but  none  is  common.  The  interesting  fact  is  noteworthy 
that  only  two  NT  strains  were  found;  this  experience  reinforces 
our  confidence  in  the  adequacy  of  the  Surgical  Research  Unit 
typing  system. 
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Six  strains  from  the  University  of  Cincinnati  presented 
an  unexceptional  picture  of  diverse  types  (Table  6).  The«e 
strains  were  submitted  with  the  assumption  that  they  had  a 
common  source.  This  concept  was  obviously  erroneous. 

From  Okinawa,  the  Army  Hospital  sent  10  strains  reflec¬ 
ting  their  concern  at  a  supposed  cross  contamination  problem 
(Table  7)*  Except  for  strains  of  21, 68 ,11 9X  with  an  accom- 
paying  F8  in  the  paired  strains  from  humidifier  and  urine, 
the  set  was  heterogeneous.  Again,  only  two  NT  strains  en¬ 
courages  the  concept  of  the  validity  of  our  typing  set. 

Pseu  'omcras  Infection  on  an  Increment  of  Seven  Patients 
Simultaneous! ,  Admitted  to  the  Burn  Ward.  Seven  persons  / 

were  burned  on  rovember  24  in  a  Fire  at  Keokuk,  Iowa.  They  ' 

were  brought  to  tht  Surgical  Research  Unit  Burn  Ward  on  Novembe 
30,  six  days  postburn,  T,.;se  patients  were  hospitalized  at 
the  same  installation  prior  to  their  transfer  to  the  Surgical 
Research  Unit,  and  were  transported  to  San  Antonio  simultan¬ 
eously,  The  patients  were  cultured  on  their  arrival  to  learn 
whether  or  not  they  were  infected  with  Pseudomonas  at  that 
time,  and  if  so,  if  there  was  a  common  type  present.  This 
could  provide  information  on  the  mechanisms  of  cross-trans¬ 
mission  and  introduction  of  new  types  to  the  Surgical  Research 
Unit  Burn  Ward.  These  findings  are  summarized  in  Table  8. 

This  shows  the  "Date  of  Culture", "Source1',  "Patient  No."  and 
unde.'  each,  number  of  cultures  "+  and/or  -"  for  Pseudomonas 
arid  phage  type  of  +  cultures  where  performed  with"!  5  to 
indicate  number  of  cultures  examined  for  type.  Thi rty -three 
strains  were  phage  typed.  On  the  date  of  admission,  all 

patients  with  the  exception  of  Patient  No.  2,  shewed  +  sur-  ( 

face  cultures.  Four  strains  from  Patient  No.  I,  three  initial 

and  one  at  six  day^  post -admission,  were  of  type  A7 1  -  This 

type  haa  not  been  on  the  ward  earlier.  Patient  No.  2,  although 

showing  negative  cultures  through  two  days  post-admi ssion, 

appeared  with  type  A7I  on  the  third  day  and  another  at  twe 

weeks,  and  later  a  type  F20.  Patient  No.  3  had  a  single  tyo-^, 

F3,  a’-  three,  six  and  nine  days  post-admission.  Patient  No, 

4  had  six  strains  of  type  A71  during  the  first  week,  a  NT 
on  the  sixth  day,  and  on  the  seventh,  a  type  A72.  Patient 
No.  5  showed  primarily  negative  cultures  until  three  weeks 
post -admission  when  he  appeared  with  two  types,  D4l  and  A72 
from  the  surface.  Patient  No.  6  expired  48  hours  post-admis¬ 
sion}  eight  strains  from  autopsy  of  viscera  were  of  type  051 • 

Patient  No.  /.who  expired  six  days  post-admission,  had  two 
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Table  6.  Phage  Types  of  Pseudomonas  Strains 

University  of  Cincinnati  Medical  School 


No.  Phage  Type 


F521 

2,7,31,1 19X,M4 

F525 

21, 68 ,1 1 9X , F7 

FI  12b 

44,1214 

F27  4 

m 

F276 

NT 

F2?0 

NT 

Wrfaca 


Cftt*  I  Source 
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strains  of  type  A72  on  the  third  day,  one  strain  of  type  A72 
from  the  blood  on  the  fourth,  and  on  the  sixth  day,  two  types 
from  the  blood,  A71  and  D4l . 

This  series  of  patients  had  two  types  in  common.  Four 
of  the  seven  (  Patient  Nos.  1,  2,  4,  and  7)  had  type  A71 
accounting  for  13  strains.  Type  A72  was  found  in  three  pa¬ 
tients  (Nos.  4,  5,  and  7)  -  five  strains.  Neither  type  was 
a  recognized  burn  ward  type.  Patient  No.  3  and  6  did  not  ac¬ 
quire  either  of  these  types.  Though  patient  No.  3  had  three 
strains  of  type  F3,  a  type  observed  in  Surgical  Research  Unit 
burned  patient  flora,  it.  cannot  be  proved  whether  he  acquired 
it  after  arrival.  However,  Patient  No.  6  had  eight  strains 
of  only  one  type,  D51,  which  was  definitely  a  nonburn  ward 
type.  Two  patients,  No.  5  and  No.  7,  had  one  strain  each 
of  type  041  which  is  a  very  prevalent  type  on  the  burn  ward. 
Patient  No.  2  had  one  strain  of  type  F20,  another  burn  ward 
type;  and  Patient  No.  4  had  one  strain  of  NT  Pseudomonas. 

A  cross-transmission  of  types  A71  and  A72  could  be 
demonstrated  in  this  series  of  patients  since  five  of  the 
seven  had  at  least  one  strain  of  either  type.  This  was  not 
unexpected  due  to  their  close  proximity  prior  to  arrival, 
during  being  transported,  and  possibly  after  arrival  on  the 
Burn  Ward.  In  a  few  instances,  these  patients  did  acquire 
some  of  the  types  comonly  encountered  in  current  burned 
patients.  This  was  particularly  noteworthy  in  their  ac¬ 
quisition  of  04l ,  which  designates  21,68,  a  common  ward 
inhabitant.  Note  that  only  one  patient  from  this  group 
acquired  a  single  NT  strain,  although  NT's  were  common  at 
the  time.  Referring  to  the  Figure,  the  acquisition  of  the 
last  three  types  on  that  listing  can  be  ascribed  precisely 
to  the  influx  of  this  disaster  group  of  patients.  Interest¬ 
ingly,  none  of  these  strains  have  become  established  in  the 
Ward,  on  the  basis  of  observations  extending  into  1966, 

Oi scussion 


The  phage  typing  system  developed  by  this  laboratory 
has  made  it  possible  to  characterise  the  population  of 
pseudomonads  in  the  Burn  Ward  and  t'te  Reral  Branch,  and  to 
trace  the  source  of  strains  recovered  in  the  Physiotherapy 
Seocion,  where  transmission  of  patients  under  treatment  is 
a  particular  risk. 

The  nontypable  component  of  strains,  first  recognized 


7-20 


in  1964,  continued  to  be  a  conspicuous  part  of  the  flora.  It 
has  not  been  possible  as  yet  to  demonstrate  the  causal  rela¬ 
tionship,  but  the  fact  that  these  strains  appeared  only  after 
sulfamylon  therapy  was  introduced  in  a  large  scale,  and  that 
such  strains  have  not  beon  seen  in  populations  not  being 
treated  with  sulfamylon,  suggests  there  may  be  a  causal 
relationship. 

No  particular  'nvasive  type  appeared  during  this  period, 
but  for  the  first  time  since  this  study  was  established,  a 
single  type  appeared  to  have  become  predominant.  This  strain, 
designated  21,68,  has  been  conspicuous  in  the  ward  bacterial 
population  for  two  years.  Strains  have  been  distributed  over 
the  whole  range  of  severity  of  infections.  There  has  not, 
as  yet,  appeared  evidence  of  any  especial  viiulence  in  strains 
of  this  type.  Type  21,68  strains  exhibit  in  the  rat  model, 
a  complete  range  of  virulence  from  100  per  cent  to  zero 
lethality. 

The  experience  of  the  admissions  from  a  mass  accident, 
with  seven  severely  burned  people  admitted  six  days  post- 
burn,  heavily  seeded  with  Ps  aeruginosa,  was  unique  in  its 
demonstration  of  the  potential 'of a  Pseudomonas  population 
to  maintain  its  status  on  seeded  individuals  despite  topical 
chemotherapy,  hydrotherapy,  and  continuous  exposure  to  a 
foreign  bacterial  population.  The  gradual  replacement  of 
the  foreign  strains  by  the  resident  flora  of  the  Burn  Ward 
was  recognizable  during  the  latter  period  of  the  hospital 
stay  of  this  group. 
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2).  KCYWOWOt 

Sulfonamides,  carbonic  anhydrase,  acidosis 


(U)  Tech  Objective  -  The  electrolyte  changes  In  patients  treated  with  topical  sulfonamlkle 
cream  are  being  studied  to  delineate  the  cause  of  these  disturbances  and  their  clinical] 
significance.  The  extent  and  severity  of  electrolyte  pattern  changes  in  patients 
treated  with  either  the  .hydrochloride  salt  or  the  acetate  salt  of  one  sulfonamide  are 
being  compared  to  determine  whether  the  acid  base  changes  can  be  modified  by  this  means!. 


(U)  Approach  -  Pre-application  and  serial  post-application  measurements  of  blood  and 
urine  volumes,  chemistries  and  gases  are  performed  in  appropriate  burned  patients. 
Inability  to  clearly  distinguish  or  eliminate  the  coexisting  influence  of  hyperventila¬ 
tion  has  made  interpretation  of  results  in  some  study  patients  difficult.  Work  on 
this  project  has  been  decelerated  by  a  recent  marked  increase  in  patient  load. 


(U)  Progress  (1  Jul  65  -  30  dun  66)  -  A  group  of  five  patients  treated  with  a  hydro¬ 
chloride  salt  and  a  group  of  seven  patients  treated  with  an  acetate  salt  of  a 
Msulfonamide  have  been  studied.  The  blood  pH  shewed  similar  depression  in  both  groups, 
but  the  average  of  the  lowest  recorded  pH  In  each  group  remained  in  the  physiologic 
range.  Serum  bicarbonate  and  blood  pC02  showed  a  greater  decrease  in  those  treated 
with  the  hydrochloride  salt.  Blood  levels  of  sulfonamide  were  similar  in  both  groups. 
Urinary  changes  showed  a  marked  carbonic  anhydrase  inhibitory  effect  which  appears  to 
be  the  principal  cause  of  the  "acidosis"  observed  In  both  groups  of  patients.  Use  of 
the  hydrochloride  salt  seemed  to  result  in  greater  disturbance  of  acid  base 
equi 1 Ibrlum. 
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The  electrolyte  pattern  of  the  acute  burn  is  modified 
towards  one  of  metabolic  acidosis  in  burned  patients  treated 
with  either  Sulfamylon  hydrochloride  or  Sulfamylon  acetate.  * 
The  depression  of  blood  pH  from  pre-application  levels  is 
similar  in  both  groups,  with  the  average  lowest  pH  remaining 
within  the  physiologic  range.  Serum  bicarbonate  and  blood 
pC02  decreased  in  both  groups,  with  a  greater  decrease  of  both 
noted  with  Sulfamylon  hydrochloride  therapy.  Blood  levels  of 
both  treatment  agents  and  para-carboxybenzene  sulfonamide 
were  simi lar. 

Urinary  changes  showed  increased  urinary  pH,  decreased 
titratable  acidity  and  ammonia  excretion,  and  marked  in¬ 
crease  in  urinary  bicarbonate  excretion  consistent  with  a 
marked  inhibition  of  carbonic  anhydrase.  This  would  appear 
to  be  the  principal  mechanism  of  the  "acidosis"  noted  In 
both  these  groups  of  patients.  The  effect, is  perhaps  en¬ 
hanced  by  the  exogenous  hydrochloride  load  in  the  group 
treated  with  Sulfamylon  hydrochloride. 

(1)  Sulfonamides  (3)  Acidosis 

(2)  Carbonic  Anhydrase 

*  Supplied  by  Sterli ng-Wi nthrop  Research  Institute, 
Rensslaer,  New  York 


THE  EFFECT  OF  SULFAMYLON  ON  THE  ELECTROLYTE  PATTERN 
OF  THE  ACUTE  BURN 


A  preliminary  survey  of  15  months'  experience  with  the 
topical  chemotherapy  of  burns  using  Sulfamylon  hydrochloride 
revealed  that  approximately  25  per  cent  manifested  some 
degree  of  metabolic  acidosis.  This  was  felt  to  be  related 
to  both  the  exogenous  acid  load  imposed  by  the  hydrochloride 
salt  and  the  inhibition  of  carbonic  anhydrase  by  both 
Sulfamylon  and  its  degradation  product, para-carboxybenzene 
sulfonamide,  the  latter  effect  having  been  demonstrated 
i n  vitro. 

To  further  elucidate  the  clinical  importance  and  the 
mechanism  of  development  of  this  acidosis,  the  chemical  and 
physical  changes  in  the  blood  and  urine  consequent  to 
Sulfamylon  therapy  are  being  studied.  The  hydrochloride 
salt  of  Sulfamylon  is  further  being  compared  with  the 
acetate  salt  in  regard  to  the  alterations  of  the  electro¬ 
lyte  pattern  of  the  acute  burn.  Patients  admitted  to  this 
unit  in  the  early  postburn  period,  _he, ,  within  five  days 
of  injury,  with  greater  than  30  per  cent  total  body  surface 
burns  who  receive  Sulfamylon  therapy, have  appropriate 
samples  of  blood  and  urine  analyzed  prior  to  Sulfamylon 
application  and  at  3,  8,  12,  24,  48,  72,  120  and  240  hours 
postappl ication. 

Prog  ress 

'wo  groups  of  patients  have  been  studied.  The  first 
group  consists  of  five  patients  who  received  twice  daily 
Sulfamylon  hydrochloride  applications  with  an  average  burn 
of  45  per  cent.  The  second  group  of  seven  patients  who 
received  similar  therapy  but  with  Sulfamylon  acetate  had  an 
average  burn  of  53.5  per  cent.  At  the  time  intervals  noted 
above,  blood  volume  determinations  were  made,  as  were 
measurements  of  electrolvte  levels,  pH,  blood  gases. 


*  Supplied  by  Ster 1 i ng-Wi nthrop  Research  Institute, 
Rensslaer,  New  York 
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creatinine,  citrate,  osmolality,  serum  protein  levels,  and 
level?  of  Sulfamylon  and  pa ra-carboxybenzene  sulfonamide. 
Assays  of  urine  were  also  made  at  these  times  for  pH, 
titrateble  acidity,  ammonia,  citrate,  sodium,  potassium, 
chloride,  urine  urea  nitrogen,  osmolality  and  bicarbonate 
levels.  Tables  1  and  2  record  the  average  pre-sul famylon 
application  values  within  each  group  for  certain  selected 
blood  and  urine  determinations  which  were  felt  to  show 
significance  when  compared  to  the  average  highest  or  lowest 
(depending  upon  direction  of  change)  postapplication 
values  which  occurred  during  the  10-day  study  period. 

Consideration  of  the  data  revealed  a  slight  decrease 
in  the  blood  pH  in  both  treatment  groups  from  the  pre¬ 
application  levels,  with  the  lowest  recorded  pH  usually 
occurring  within  24  hours  after  i*.it iat ion  of  therapy.  Tne 
average  of  the  lowest  values  recorded  was,  in  both  groups, 
within  the  physiologic  range.  The  maximum  decrease  in  pC02 
from  pre-application  levels  noted  in  both  groups  occurred 
earlier  In  the  Sulfamylon  hydrochloride-treated  group  than 
in  the  acetate-treated  group,  ana  in  neither  group  did  the 
time  of  maximum  depression  of  pC02  correlate  well  with  the 
time  'f  lowest  blood  pH. 

The  highest  osmolality  recorded  showed  a  similar  increase 
over  pre-application  levels  in  both  treatment  groups,  with  the 
highest  level  generally  corresponding  with  the  highest  re¬ 
corded  serum  sodium  level  as  would  be  expected. 

The  average  highest  serum  chloride  recorded  in  each 
group  showed  an  increase  of  II  and  8  mEq/L  over  the  average 
pre-appl ication  level  m  the  Sulfamylon  hydrochloride  and 
the  iulr*  ion  acetate  groups  respectively.  The  range  in 
the  Sulfamylon  hydrochloride  group  was  l'l  to  121  mEq/L 
(average  115  mEq/L)  and  IDS  to  121  mEq/L  (average  114  n,Eq/L) 
in  the  Sulfamylon  ncetate-treated  group.  The  time  of 
maximum  chloride  elevation  in  each  patient  did  not 
correlate  well  with  the  time  of  maximum  pH  depression. 

Average  serum  bicarbonate  levels  showed  a  greeter  decrease 
following  treatment  with  Sulfamylon  hydrochloride  than  with 
Sulfamylon  acetate.  The  average  decrease  was  approximately 
one-third  snd  one-seventh  of  the  pre-application  levels  in 
the  Sulfamylon  hydrochloride  and  Sulfamylon  acetate  groups 
respectively.  This  bicarbonate  decrease  bore  no  consistent 
relation  to  maximum  pH  depression  nor  to  chloride  elevation 
In  the  acetate  group,  although  the  maximum  bicarbonate 
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and  chloride  changes  in  the  hydrochloride  group  coincided 
in  three  of  the  five  patients. 

Maximum  serum  concentration  of  Sulfamylon  and  para- 
carboxybenzene  sulfonamide  ranged  from  2.0  tc  7.3  mg% 
(average  4.2  mcf/0)  and  2.3  m<$,  to  4.5  mg%  (average  3.4  mg%) 
respectively  In  the  Sulfamylon  hydrochloride-treated 
patients.  In  the  Sulfamylon  acetate-treated  patients,  the 
corresponding  values  were  3.6  to  12.3  mcf/Q  (average  5.8  mc|%) 
and  3.5  to  10.5  mg%  (average  6.2  mc$) .  The  maximum  level 
in  each  group  and  for  each  substance  usually  occurred  within 
the  first  48  hours  after  initial  application. 

Urinary  changes  revealed  a  marked  carbonic  anhydr  se 
inhibition  effect  which  occurred  promptly  and  usually  per¬ 
sisted  in  both  groups.  This  was  manifested  by  an  increase 
in  urinary  pH;  a  decrease  of  titratable  acidity  reaching 
the  zero  level  in  all  cases  in  both  groups;  a  marked 
decrease  in  urinary  ammonia  excretion  with  maximum  de¬ 
pression  occurring  at  or  before  24  hours  postappl icot ion, 
and  a  marked  increase  in  urinary  bicarbonate  excretion 
(35-fold  increase  in  the  hydrochloride-treated  group  and 
100-fold  increase  in  the  Sulfamylon  acetate-t reateo  group). 

As  was  to  be  expected,  the  hydrochloride-treated  group 
showed  an  average  maxir.xjm  Increase  in  urinary  chloride 
excretion  of  48  per  cent  while  that  of  the  Sulfamylon 
acetate-treated  group  remained  essentially  at  the  pre- 
appl ication  level . 

Summary 

Electrolyte  changes  in  the  early  postburn  period  have 
been  noted  subsequent  to  therapy  in  both  a  Sulfamylon 
hydrochloride  and  a  Sulfamylon  acetate-treated  group  of 
burned  patients,  with  a  trend  in  the  direction  of  metaboi ic 
acidosis  in  both  groups.  With  both  Sulfamylon  hydrochloride 
and  Sulfamylon  acetate,  blood  pH  decreases  from  pre¬ 
application  levels  although  the  average  of  the  lowest 
ievels  recorded  remains  in  physiological  ranges  in  both 
groups.  The  pC02,  depressed  in  both  groups  initially, 
showed  further  decrease  with  both  agents,  the  depression 
being  somewhrt  greater  with  the  Sulfamylon  hydrochloride. 
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The  range  and  average  of  serum  chloride  elevation  arc  quite 
similar  In  both  groups,  but  a  greater  (33%  versus  15%) 
average  decrease  in  serum  bicarbonate  is  noted  in  the  Sulfa- 
mylon  hydrochloride-treated  group.  The  average  highest 
concentrations  of  Sulfamylon  and  para-car boxy benzene  sulfona¬ 
mide  are  5.8  m$%  and  6.2  mg%  respectively  in  the  Sulfamylon 
acetate-treated  group,  and  4.2  mg%  and  3.4  mg%  respectively 
in  the  Sulfamylon  hydrochloride-treated  group. 

Urinary  changes  indicative  of  a  marked  carbonic  an- 
hydrase  inhibition  occurred  promptly  after  application  in 
both  groups  and  in  general  persisted  throughout  the  study 
period,  although  in  a  few  patients  "escape"  was  noted  at  or 
after  12  hours  following  initiation  of  therapy.  This 
urinary  effect  was  manifested  by  an  increase  in  urinary  pH, 
a  decrease  in  titratable  acidity  and  urinary  ammonia  ex¬ 
cretion,  and  a  marked  increase  in  urinary  bicarbonate 
excretion. 

The  primary  acidifying  action  of  Sulfamylon  thus  ap¬ 
pears  to  be  mediated  by  the  influence  of  carbonic  anhydrase 
inhibition  on  renal  mechanisms  of  urinary  acidification. 

In  the  Sulfamylon  hydrochlor Ide-treated  group,  the  exogenous 
chloride  load  seems  to  further  depress  serum  bicarbonate, 
although  in  the  patients  studied  there  was  no  significant 
difference  between  groups  in  the  average  lowest  pH  recorded. 
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Xylocalne,  Sulfamylon,  second  degree  burns 


*(U)  Tech  Objective  -  To  determine  If  this  Xylocalne-Sulfamylon  cream  can  decrease 
pain.  To  determine  the  absorption  of  Xylocalne  systemical ly.  To  determine  how  large 
a  second  degree  burn  can  be  treated. 


(U)  Approach  -  Plan  is  to  apply  this  cream  to  25-50  second  degree  burns  (small  areas) 
and  measure  Xylocalne  levels  of  control  end  post  application  serum  (up  to  120 
"minutes)*  To  measure  amount  of  Xylocalne  applied  to  wound  via  weighing  container 
before  end  after  applications. 

(U)  Progress  (Jul  65  -  dun  66)  -  Six  patients  studied  so  far  show  Xylocalne  to  be 
absorbed  In  less  than  toxic  levels  systemical ly  and  that  Xylocalne  peak  In  blood 
stream  Is  approximately  10-30  minutes  post  application.  Approximately  5O-60X  of 
amount  Xylocalne  applied  Is  being  absorbed. 
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Pain  in  the  immediate  postburn  period  is  characteris¬ 
tic  of  second-degree  burn.  Pain  ^s  also  associated  with 
application  of  topical  Suifamylon  to  areas  of  second- 
degree  burn,  but  not  normally  in  third-degree  areas.  In¬ 
tensity  and  duration  of  pain  varies  between  patients  and 
with  the  time  postburn.  In  some  Individuals,  mild  sedation 
Is  adequate  while  in  others  narcotics,  even  in  moderate 
quantities,  leave  much  to  be  desired.  With  this  study,  an 
effort  has  been  made  to  quantitate  the  absorption  of  topical 
Xylocaine  from  second-degree  burns  and  also  to  decrease 
subjective  pain  caused  by  the  application  of  Suifamylon. 

The  following  questions  provided  the  basis  for  this 
investigation: 

(1)  Can  Xyloca I ne-Sul fareylon  mixture  actually  decrease 

pain? 


(2)  What  Is  the  peak  venous  blood  level  of  Xylocaine 
when  applied  to  second-degree  burns  as  a  0.5%  concentra- 
tlon  in  a  water-soluble  base? 

*  Supplied  by  Ster 1 ing-Winthrop  Research  Institute, 


Rensslaer,  New  York 
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3.  How  iarge  a  second-degree  burn  area  can  be  treated 
without  the  appearance  of  toxic  signs  secondary  to  high 
venous  Xylocaine  blood  levels? 

Patients  were  picked  with  approximately  10  per  cent 
burns,  predominantly  second  degree,  that  had  no  other 
major  compi i cat  ions  and  had  an  accessable  vein  for  venous 
sampling.  An  accurate  history  of  weight,  sex,  age,  past 
history,  and  drug  intake  was  taken.  The  percentage  of 
burned  area  was  recorded  as  accurately  as  clinically  pos¬ 
sible,  and  a  mixture  of  0.5%  Xylocaine  and  10%  Sulfa- 
mylon  was  applied  to  the  burned  area.  This  was  followed 
in  30  minutes  with  a  thick  layer  of  plain  10%  Sulfamylon. 
in  spite  of  the  subjectivity  and  biologic  variations 
present,  only  patients  who  had  previously  complained  of 
severe  pain  upon  application  of  Sulfamylon  were  used, 
and  were  evaluated  for  pain  relief  as  accurately  as 
possible  by  both  nurs<ng  staff  and  attending  physicians. 

In  the  six  patients  studied  to  date,  analgesia  has  been 
considered  excellent  by  gross  criteria  as  stated.  There 
have  been  no  toxic  symptoms  or  signs  in  these  few  pa¬ 
tients,  and  sedation  has  not  been  observed  in  doses  up 
to  500  mg  of  topical  Xylocaine.  We  have  considered  J 
that  the  minimum  venous  level  for  toxic  signs  or  symptoms 
to  be  approximately  5  mica  per  milliliter.  It  was  pleas¬ 
ing  to  note  that  in  this  series  the  maximum  level  was  3 
micra  per  milliliter,  which  occurred  30  minutes  post- 
buttering.  in  this  small  series,  it  appears  that  ab¬ 
sorption  of  Xy’ocalne  from  second-degree  burns  falls  in 
a  range  somewhere  between  intravenous  administration  and 
intramuscular  administration  of  plain  Xylocaine  without 
epinephrine.  This  a  so  indicates  that  peak  blood  levels 
could  probably  rise  ^bove  5  micra  per  milliliter  without 
causing  signs  of  toxicity. 

In  »  immary,  it  appears  that  0.5%  Xylocaine  and  10% 
Sulfamylon  can  provide  topics'  adequate  local  analgesia 
without  causing  cardiovascular  or  respiratory  depression. 

(1)  Topical  Xylocaine 

(2)  Sulfamylon 
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Homograft,  burns,  heterograft 

*tU)  Tech  Objective  -  Lyophillzed  homograft  and  fresh  frozen  homograft  are  to  be  evalua-| 
ted  as  materials  for  covering  both  second  degree  and  open  third  degree  wounds  In  burn  j 
patients.  The  advantages  of  these  materials  In  burn  care  would  be  (1)  potential  ready 
availability,  (2)  easy  preparation  of  the  material  at  the  user  level,  and  (3) 
indefinite  shelf  life, 

*tU)  Approach  -  The  lyophillzed  homograft  and  the  fresh-frozen  homograft  are  to  be  com¬ 
pared  with  fresh  heterograft,  formalinized  homograft  and  fresh  homograft  with  regard 
to  adherence  of  these  materials  to  the  burn  wound  as  used  in  (1)  preparation  of  the 
burn  wound,  (2)  "test"  material  prior  to  autografting,  mid  (3)  coverage  of  second 
degree  burns.  The  bacterial  count  present  or  the  burn  wound  at  time  of  removal  of 
each  material  is  to  be  recorded,  as  Is  the  appearance  of  the  wound  beneath  each 
material  and  Its  acceptance  of  autograft. 

Ju)  Progress  (Nov  65-Jun  66)  -  Thirty-two  patients  have  had  177  bottles  of  lyophillzed 
liomograft  applied  to  date.  Adherence  has  been  somewhat  less  and  bacterial  count 
somewhat  higher  in  areas  of  freeze-dried  homograft  application  as  compared  to  fresh 
homograft.  The  burn  wounds,  however,  appeared  identical  beneath  these  two  materials. 
The  lyophillzed  homograft  appears  clearly  superior  to  both  heterograft  and  formalinized 
homograft.  Freeze-dried  homograft,  thus,  in  these  preliminary  studies  appears  to  be  a 
satisfactory  substitute  for  fresh  homograft  with  regard  to  preparation  of  the  burn 
wound  prior  to  autograf ring  and  for  covaraga  of  sacond  degrea  burns. 
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Lyophilized  homograft  is  being  compared  with  heterograft, 
formal inized  homograft  and  fresh  homograft  as  a  "physiologic 
dressing"  in  burned  patients.  As  used  for  both  preparation 
of  the  wound  bed  and  as  a  "test"  material  prior  to  auto¬ 
grafting,  the  freeze-dried  material  shows  only  slightly  less 
adherence  to  the  wound  bed  than  does  fresh  homograft  but 
considerably  better  adherence  than  either  heterograft  or 
formal inized  homograft.  Bacterial  counts  at  the  time  of 
removal  of  the  grafts  were  lowest  beneath  fresh  homograft 
but  only  slightly  lower  than  under  the  freeze-dried  material. 
The  wound  beds  beneath  lyophilized  homograft  were  in  general 
identical  to  those  beneath  fresh  homograft  and  accepted  auto¬ 
graft  equally  well  at  the  time  of  definitive  grafting. 
Similarly,  lyophilized  homograft  appears  to  be  a  suitable 
substitute  for  fresh  homograft  as  an  immediate  covering 
material  for  second-degree  burns. 


(1)  Homograft 

(2)  Heterograft 

(3)  Burns 
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The  use  of  fresh  homograft  and  heterograft  combined 
with  topical  chemotherapy  in  the  treatment  of  burned  pa¬ 
tients  has  resulted  in  virtual  elimination  of  burn  wound 
sepsis  and  improved  survival.  With  this  expanded  use  of 
homograft,  the  supply  of  homograft  frequently  fail  to 
keep  pace  with  need.  Lyophilized  homograft  as  supplied  by 
the  Tissue  Bank  of  the  Nat^na1  Naval  Medical  Center  is 
being  evaluated  for  use  in  burned  patients.  The  material 
is  being  compared  with  fresh  heterograft,  fresh  homograft 
and  formal inized  homograft  as  applied  to  burns  for: 

(1)  Debridement  of  "untidy"  wounds  immediately  after 
eschar  separation. 

(2)  Promotion  of  healing  of  deep  second-degree  burns. 

(3)  Temporary,  immed:ate  wound  coverage  following 
exci sicn. 

(4)  Coverage  of  granul^cion  tissue  between  "crops" 
of  autor'aft  in  the  larger  burns. 

(5)  "Test"  matei ial  prior  to  autografting. 

(6)  Immediate  coverage  of  superficial  second-degree 
burns. 

(7)  Coverage  of  any  other  open*  surgical  wound. 

Comparisons  are  made  between  materials  applied  in 
alternating  strips  or  on  similarly  burned  extremities  in 
the  same  patient  and  expressed  as  the  per  cer.t  adherence 
observed  for  each  material.  The  appearance  of  the  wound 
pre-  and  postapp! ication  is  also  noted.  A  comparison  of 
the  type  of  bacteria  and  the  colony  count  pre-  and  post- 
application  cf  each  material  is  also  being  made. 

Progress 

To  date,  lyophilized  homograft  has  been  applied  to 


i 
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i  0-2 


32  burned  patients.  This  represents  177  bottles  of  freeze- 
dried  skin  as  prepared  by  die  National  Naval  Medical  Center 
Tissue  Bank.  It  has  appeared  that  the  per  cent  adherence 
of  lyophilized  homograft  is  somewhat  less  than  that  of 
fresh  homograft  but  much  better  than  that  of  either  hetero¬ 
graft  or  formal inized  homograft.  The  bacterial  studies, 
although  incomplete  at  this  time,  have  shown  a  one  to  two 
"log"  greater  count  beneath  the  lyophilized  homograft  as 
compared  to  fresh  homograft  at  the  time  of  removal  of  the 
grafts  from  the  burn  wounds.  In  general,  the  wound  bed 
beneath  the  lyophilized  homograft  was  identical  in  ap¬ 
pearance  to  that  beneath  fresh  homograft  and  equally  re¬ 
ceptive  of  autograft. 

The  initial  lyophilized  material  tended  to  become 
macerated  after  48  to  72  hours,  with  the  epidermis  being 
easily  elevated  by  fluid-filled  blebs  exposing  the  dermis 
to  dessication.  This  has  been  largely  eliminated  by  use 
of  thicker,  more  uniform  freeze-dried  homograft. 

When  available  from  the  National  Naval  Medical  Center 
Tissue  Bank,  fresh-frozen  homograft  is  to  be  evaluated 
in  simi’ar  fashion. 

Summary 


Lyophilized  homograft  appears  to  be  an  adequate  sub¬ 
stitute  fur  fresh  hcmograft  as  used  for  debridement  in 
preparation  of  the  burn  wound,  as  well  as  for  coverage 
of  second-degree  burns.  The  freeze-dried  material  fur¬ 
ther  seems  to  have  the  advantages  of  (1)  potential  ready 
availability  at  even  smaller  installations,  (2)  easy 
preparation  at  the  user  level,  and  (3)  indefinite  shelf 
life. 

Publications  and/or  Presentations 


None. 
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Homograft  (fresh),  second  degree  burn,  evaporative  water  loss,  hlstopathology 

”'(U)  Tech  Objective  -  To  determine  the  effect  of  fresh  homograft  on  2nd  degree  burn 
when  applied  within  the  first  48-72  hours  post  Injury.  Both  a  clinical  and  histologic 
study. 

(ll)  Approach  -  (l)  Weighing  patients  before  and  after  nomog rafting  on  metabolic 
Mscate  to  c'-termlne  actual  amount  of  evaporative  water  loss.  (2)  Alpha  globulin 
studies  to  document  immunologic  aspects.  (3)  Clinical  and  micro  photographs  to 
document  course  of  homografting.  (4)  Biopsies  of  homograft  and  unhomoqrafted 
natural  skin  areas  at  regular  Intervals.  (5)  Major  technical  problem  (tending  to 
decelerate  work)  availability  of  fresh  hxeograf t.  (6)  Histology  supports 

mechanical  separation  of  homograft  via  reeplthellazatlon. 

i 

(U)  Progress  (Jul  65-Jun66)  -  Seventeen  patients  studlc.  (10  completely).  (1)  Decrees* 
|  pain  second  degree  burn.  (?)  Increase  mobility  of  burned  areas.  0)  Decrease 
..evaporative  water  loss  by  Y3-V2.  (4)  Mo  alpha  globulin  response.  (5)  Rate  healing. 
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Medical  literature  fails  to  reveal  a  fair  evaluation  of 
the  effect  of  normal  fresh  homograft  upon  the  healing  of  the 
second  degree  burn;  therefore,  we  desired  to  study  various 
clinical  and  histopathologic  parameters  in  evaluation  of  the 
efficacy  and  advisability  of  this  proposed  therapy.  To  date, 

10  patients  have  been  completely  evaluated  and  there  is  a 
significant  and  immediate  decrease  in  the  subjective  pain 
along  with  »  concomitant  and  impressive  increase  in  the  ob¬ 
jectively  evaluated  amount  of  early  mobility  of  the  burned 
and  homografted  extremity.  There  has  been  no  significant 
alpha-globulin  response  in  these  patients.  Evaporative 
water  loss  studies  have  revealed  that  prehomograft  control 
values  are  reduced  by  one-third  to  one-half  in  the  first  24 
hours  post-homograf ting;  during  hospitalization,  these 
patients  are  "ever  quite  able  to  decrease  to  the  normal 
range  of  evaporative  water  loss  in  humans. 

There  has  been  an  apparent  increase  in  the  rate  of 
healing  of  the  ..econd  degree  burn,  such  that  complete  re- 
epithe! ialization  is  accomplished  in  approximately  14  days 
(plus  or  minus  three  days);  unhomografted  areas  healed 
completely  in  approximately  21  days  (plus  or  minus  two  days). 


There  has  been  a  decrease  in  the  tMckened-reddened  appearance 
of  the  healed  second  degree  burn  along  with  a  reduction  of 
the  susceptibility  of  the  healed  burn  areas  to  trauma  and 
vesiculation. 

Thus,  this  preliminary  study  suggests  that  this  homo¬ 
grafting  process  appears  responsible  for  both  cosmetic  and 
physiologic  benefit.  The  healing  process  in  these  patients 
has  been  followed  closely  with  photographs,  clinically,  and 
by  sequential  biopsies. 


(1)  Homograft  (fresh) 

(2)  Second  degree  Burn 


(3)  Evaporative  water  loss 
(*♦)  H  i  stopathology 
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IMMEDIATE  HOMOGRAFTING  OF  SECOND  DEGREE  BURNS. 
I.  CLINICAL  FINDINGS 


A  review  of  the  medical  literature  covering  the  past 
decade  has  failed  to  reveal  a  thorough  evaluation  of  the 
effect  of  normal  fresh  homograft  upon  the  nealing  of  a 
second  degree  burn  wound.  This  study  was  undertaken  with 
this  in  mind. 

The  question  of  a  strict  definition  of  "irmiediate" 
arises.  In  deciding  which  second  degree  burns  are  too  late 
to  be  homog rafted,  the  decision  has  been  made  on  a  clinical 
rather  than  a  temporal  basis;  i.e.,  the  second  degree  burned 
patient  that  has  already  developed  the  familiar  crust  that 
cannot  be  easily  debrided  should  be  excluded  from  the  study. 
Otherwise,  patients  with  minimal  crust  that  can  be  easily 
debrided  or  patients  with  no  crust  development  at  all  should 
be  included  in  the  study. 

The  perennial  question  of  determining  depth  of  second 
degree  burn  is  also  a  consideration.  It  is  presumed  that 
second  degree  burns  of  varying  depth  respond  somewhat  dif¬ 
ferently  to  imnediate  homografting.  This  area  of  evaluation 
is  most  assuredly  subject  to  the  weaknesses  of  quantitative 
subjective  observation. 

It  was  planned  that  patients  with  some  elements  of  third 
degree  burns  be  included  in  this  immediate  homografting  of 
second  degree  burns,  for  it  was  not  felt  that  this  would 
interfere  with  the  study  of  the  second  degree  burn  areas. 

There  was  interest  also  in  the  effect  that  early  cover¬ 
age  of  the  second  degree  burn  wound  would  have  on  the  evap¬ 
orative  water  loss  through  burns  of  this  depth.  It  is  known 
that  each  gram  of  evaporative  water  removes  approximately 
O.58O  kilocalories  of  heat  from  the  body.'  It  has  been 
shown  that  heat  production  increases  as  evaporative  heat 
loss  and  severity  of  injury  increases,  and  that  total  body 
wete;  losses  are  many  times  much  higher  than  commonly  ex¬ 
pected  to  be  by  standard  replacement  formulae. ^  It  has 
also  recently  been  pointed  out  that  the  diffusion  barrier 
is  destroyed  in  burned  skin,  and  only  partially  replaced 
after  the  healing  of  partial -thickness  burns. 3 

This  project  was  designed  to:  (1)  study  the  clinical 
appearance  of  second  degree  burns  having  healed  while 
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covered  with  the  physiological  dressing  of  homograft  and  to 
observe  the  clinical  parameters  of  subjective  pain  and  ob¬ 
jective  burn  area  motility;  ( 2 1  quantitate  pre-  and  post¬ 
homografting  evaporative  water  loss  in  these  patients,  as 
well  as  alpha-globulin  response;  (3)  follow  up  the  signifi¬ 
cance  of  homograft  influence  on  eventual  scar  formation  and 
the  reaction  of  second  degree  burn,  healed  under  homograft, 
to  trauma  and  vesiculation;  and  (4)  evaluate  the  histo¬ 
pathologic  features  which  characterize  the  second  degree 
kurn  covered  with  homograft. 

Methods 


Immediately  upon  admission,  all  second  degree  burned 
patients  have  been  evaluated  as  possible  candidates  for  this 
study.  If  chosen,  their  pre-homograft  evaporative  water  loss 
study  is  begun  some  two  hours  post-initial  debridement. 

After  this  initial  four  hour  weight  study,  the  patients  are 
homografted;  the  first  post -homograft  evaporative  water  loss 
weight  study  is  then  initiated  sometime  in  the  first  24  hours 
post-homograft.  In  the  pre-homograf t  period,  control  alpha- 
globulin  blood  studies  are  drawn  ana  are  followed  on  a  weekly 
basis  thereafter  in  the  post -homograft  period. 

The  healing  process  is  followed  closely  with  photographs 
and  mov.es  of  the  pre-  and  post -homograft  period,  with 
particular  attention  to  the  clinical  appearance  of  the 
burned  areas.  Biopsies  of  various  burned  areas  with  homo¬ 
graft  are  taken  at  post -homograft  intervals  of  from  48  to 
72  hours  through  30  to  60  days.  Photomicrographs  document 
the  results  seen  here  ( see  Part  II  this  report,  "Histo- 
pathological  Findings"). 

Results 


Although  17  paf'®nts  have  been  included  in  this  study 
to  date,  because  of  various  technical  and/or  patient  care 
complications  only  10  studies  were  completed.  Clinically, 
the  patients  have  shown  a  great  decrease  in  the  amount  of 
pain  felt  with  their  second  degree  burn  areas,  beginning 
immediotely  after  homograft  application  and  continuing  so 
until  healing  occurs.  There  has  also  been  an  impressive 
increase  in  the  early  and  continued  mobility  of  homografted 
extremities  with  second  degree  burns.  There  has  been  no 
significant  a i pha-globul in  response  in  these  patients. 
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The  four-hour  evaporative  water  loss  studies  have  been 
carried  out  on  a  Brookline  metabolic  scale,*  which  measures 
to  the  nearest  gram.  The  patients  were  studied  immediately 
pre-homografting  as  a  control  and  were  free  from  water  bath 
or  heat  lamp  variables  for  at  least  two  hours  prior  to 
weighing.  They  were  studied  again  in  the  first  24  hours 
post-homografting,  and  after  this  were  followed  weekly  during 
their  hospitalization.  Respiratory  water  loss  was  considered 
and  measured  as  a  part  of  the  study.  Studies  in  the  first 
24  hours  post -homografting  showed  that  control  evaporative 
water  loss  values  were  decreased  by  one-third  to  one-half  in 
each  cf  the  patients  studied.  From  this  point  on,  the  losses 
gradually  decreased  with  each  week's  measurement,  approaching 
but  never  reaching  the  upper  limits  of  normal  human  evapora¬ 
tive  water  loss. 

There  has  been  an  apparent  increase  in  the  rate  of  healing 
of  the  second  degree  burn  treated  with  immediate  homografting. 
Complete  reepithel ial ization  is  accomplished  on  the  average 
at  approximately  14  days  (plus  or  minus  three  days);  unhomo- 
grafted  areas  healed  completely  in  approximately  21  days 
(plus  or  minus  two  days)  on  the  average.  There  has  been  a 
definite  decrease  in  the  thickened  erythematous  appearance 
of  the  healed  second  degree  burn  along  with  a  reduction  in 
the  susceptibility  of  the  healed  burn  area  to  trauma  and 
vesicul ati on.  Followup  on  several  patients  has  shown  that 
this  contrast  between  homografted  and  unhomog rafted  second 
degree  areas  is  most  apparent  during  the  first  month  post-re- 
epithelial  ization,  and  becomes  less  and  less  detectable 
clinically  as  the  unhomograf ted  healed  second  degree  areas 
apparently  develop  and  mature.  The  only  difference  seen 
in  those  deeper  second  deg.se  burrs  stUu  ied  has  been  the 
extra  48  to  96  hours  required  to  complete  the  reepi thellal i - 
ration  and  homograft  rejection. 

In  spite  of  the  fact  that  this  is  a  preliminary  report, 
it  can  be  said  that  this  homografting  process  appears  re¬ 
sponsible  for  both  cosmetic  and  physiologic  benefit. 


* 


Brookline  Instrument  Company,  Brookline.  Massachusetts. 
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The  various  histopathological  changes  which  occur  in  homo¬ 
graft  covering  partial-thickness  burns  are  described.  The  mi¬ 
croscopic  basis  for  cosmetically  superior  repair  in  homograft 
covered  as  compared  to  uncovered  second-degree  burns  is  de¬ 
fined  and  analyzed  in  relation  to  earlier  biopsies.  Immu¬ 
nological  phenomenon  may  be  responsible  for  homograft  re¬ 
jection  from  second-degree  burns  in  a  small  number  of 
cases,  but  definitive  studies  are  required  in  this 
regard . 


(1)  Homografting 

(2)  Hi stopathology 
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IMMEDIATE  HOMO GRAFT  1 NG  OF  SECOND-DEGREE  BURNS 
II.  HI STOPATHOLOG I  CAL  F I ND I NGS 


The  sequential  hi stopethological  features  which  occur 
in  homograft.  covering  a  part ial -thickness  cutaneous  burn 
have  not  been  previously  studied  and  form  the  basis  of 
this  report. 

Materia] 


A  total  of  32  biopsies  from  eight  patients  were 
available  for  study.  The  biopsies  were  taken  at  post¬ 
grafting  intervals  from  3  to  38  days  and  consisted,  in 
various  instances,  of  homograft  alone,  homograft  and  re¬ 
cipient  together  and  junctions  of  homograft  covered  and  un¬ 
covered  second-degree  burns  be  ire  and  after  graft  separa¬ 
tion.  Biopsy  sections  were  stained  with  H&E  and  a  modified 
buffered  Giemsa  stain.  Two  hundred  serial  sections  of 
selected  biopsies,  mounted  on  35  nun  film  strip,  were  studied 
to  follow  the  direction  of  regeneration  from  epithelial  ap¬ 
pendages  in  homograft. 

Resul ts 


H  i  stology  of  Non-a  ccepted  Hoi.vjgraft 

Homograft  covering  partial-thickness  burns  frequently 
aid  not  "take”,  j_.e  ,  rapid  epidermal  repair  occurred  in 
the  recipient  and  this  undermined  the  homograft  and  pre¬ 
sumably  prevented  it  from  acquiring  vascular  connections 
and  r i rculatlon.  In  these  instances,  the  homograft  dried 
out  and  peeled  parchment! i ke  during  the  first  week.  Biopsy 
of  this  material  revealed  a  roummif led  split-thickness  grait. 

The  earliest  biopsies  of  recipient  et  three  days  oc¬ 
casionally  demonstrated  epidermal  covering  of  the  wound  in 
superficial  partial-thickness  burns,  particularly  |n  chil¬ 
dren,  and  In  all  cases  there  was  some  evidence  of  epidermal 
regeneration  at  this  time.  8y  two  weeks,  reepl derm! dilution 
of  ail  wounds  biopsled  was  complete.  Biopsies  of  uncovered 
second-degree  burns  during  the  first  week  showed  a  crust 
of  fibrin,  neutrophils  and  cellular  debris,  covering  a 
dermis  which  was  infiltrated  with  neutrophils.  The  crust 
and  dermal  Inflammation  were  absent  from  adjacent.  homo- 
graft  covered  burns  of  comparable  drpth. 
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Histology  of  Accepted  Homoqraft 

In  other  patients  with  deeper  second-degree  and  focal 
full-thickness,  am  t  partial  thickness  injury,  the  homo¬ 
grafts  became  pink  thin  two  days  postgrafting,  indicating 
a  "take."  Biopsies  ring  the  first  week  in  these  in¬ 
stances  revealed  norm.  T  homograft  skin  cut  through  the  re¬ 
ticular  dermis  and  closely  apposed  to  recipient.  The  apposi¬ 
tion  was  readily  recognized  and  adjoining  for  the  most  part, 
but  in  a  few  foci,  a  5-15  micra,  empty  or  serous  filled  cleft 
occurred  at  the  graft-recipient  junction.  Hyperplasia  of 
homograft  basal  cells  and  appendages  occurred  in  biopsies 
during  the  first  week  and  regenerating  epidermal  cells  were 
often  found  filling  the  cleft  described  above.  Study  of 
serial  sections  indicated  that  the  epidermal  cells  con¬ 
tained  in  the  cleft  may  originate  from  the  transected  ends 
of  homograft  appendages  as  well  as  from  regenerating  re¬ 
cipient  epidermal  appendages.  In  the  former  situation,  the 
-egenerating  homograft  epidermal  cells  covered  the  under¬ 
surface  cf  j.aft  and  occasionally  bridged  the  cleft  and 

covered  small  ooitions  of  the  recipient  dermis.  Also,  in 
a  few  biopsies  it  appeared  that  the  cleft  was  filled  with 
epidermal  cell'  rom  both  homograft  and  recipient.  The  former 
covered  the  roof  of  the  cleft  where  the  epidermal  regenera¬ 
tion  presented  a  reversed  polarity,  j_.e.  ,  kerat i n i zat ion  and 
maturity  proceeded  inwa.d  while  the  recipient  epidermal  re¬ 
generation  covering  the  base  of  the  cleft  retained  the 
usual  polarity  of  kerat i n i zat ion  and  maturation  from  basal 
cells,  which  proceeded  outward. 

During  the  first  week  the  vessels  in  the  homcgraft  der¬ 
mis  were  intact  and  contained  normally  appearing  erythro¬ 
cytes.  In  many  serial  sections  studied  we  could  not  find 
vessels  crossing  the  graft-recipient  junction. 

Histology  of  Homoqraft  Rejection 

At  eight  days  posth^mograf t ing,  edema,  congestion  and 
microscopic  perivascular  hem.  rhage  occurred  in  the  homograft 
dermis.  This  represented  .  ,e  first  histological  evidence  of 
graft  rejection.  Biopsies  at  II  to  days  posthomograf ting 
also  showed  congestion  and  focal  hemorrhage  and,  tn  some 
biopsies,  the  vessels  had  undergone  fibrinoid  necrosis  with 
a  perivascular  infiltrate  of  lymphocytes  and  monocytes. 


Histology  After  Homoqraft  Separation 

The  most  striking  histological  findings  were  in  the 
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biopsies  at  the  junction  of  homograft  covered  and  uncovered 
second-degree  burns,  taken  two  and  three  weeks  after  homo¬ 
graft  separation.  A  difference  in  healing  and  repair  of 
second-degree  burns  was  found  in  these  biopsies  and  was  also 
noted  in  separate  paired  biopsies  of  homograft  covered  and 
uncovered  second-degree  burns.  The  epidermis  of  the  healed, 
uncovered  burn  was  dysplastic  with  foci  of  atrophy  alternat¬ 
ing  with  hyperplasia.  There  was  no  orderly  maturation  se 
quencs  of  epidermis  from  basal  cells  towards  keratinization. 
The  dermis  consisted  of  young,  vascular  and  edematous  con¬ 
nective  tissue,  evolving  from  granulation  tissue. 

In  contrast,  the  healed  homograft  covered  burn  had  a 
mature  epidermis  of  uniform  thickness  with  an  orderly  pro¬ 
gressive  maturation  of  epidermal  cells.  The  dermis  was  com¬ 
posed  of  normally  arranged  mature  collagen  fibers  in  an 
organized  papillary  and  reticular  dermis. 

The  latest  biopsy  available  was  taken  38  days  posthomo¬ 
grafting  and  the  epidermis  in  the  previously  homograft 
covered  and  uncovered  areas  was  indistinguishable.  The 
dermis,  though,  still  consisted  of  immature  connective  tis¬ 
sue  with  an  edematous  stroma  and  focal  chronic  inflammation 
in  the  portion  of  the  biopsy  which  had  not  been  covered 
with  homograft.  The  dermis  in  the  site  which  had  been 
covered  with  homograft  consisted  of  normal  collagen  fiber 
maturity  and  arrangement, 

D i scuss ion 

The  apparent  difference  in  healed,  homograft  covered 
and  uncovered  second  degree  burns  is  evident  histologically 
as  well  as  grossly.  In  general,  the  microscopic  appearance 
of  healed,  homograft  covered  second  degree  burns  resembles 
normal  epidermis  and  dermis  more  so  than  temporally  paired 
biopsies  from  healed,  uncovered  second  degree  bums.  The 
vascular  and  edematous  connective  tissue  is  probably  re¬ 
sponsible  for  most  of  the  gross  redness  and  textural  ab¬ 
normality  observed  in  healed,  uncovered  second  degree  burns. 
The  immature  type  of  connective  tissue  just  beneath  the 
recently  regenerated  epidermis  apparently  evolves  from  the 
inflammation  and  crust  formation  that  was  seen  In  earlier 
biopsies  of  uncovered  second  degree  burns,  in  contrast,  a 
normal  pattern  of  mature  dermai  collagen  bundles  Is  main¬ 
tained  in  homograft  covered  second-degree  burns  and  conse¬ 
quently,  *rfien  reepldermldlzatlon  occurs,  the  tone  and 
texture  of  normal  skin  Is  maintained.  Homograft, 
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therefore,  contributes  to  repair  of  partial  thick¬ 
ness  thermal  injury  by  prevention  of  crust  formation 
and  trauma,  with  its  subsequent  inflammation  and  granulation 
tissue,  in  addition,  regeneration  in  epidermal  appendages 
of  homograft  has  been  observed  to  cover  portions  of  re¬ 
cipient.  If  this  vital  phenomenon  also  improves  repair  of 
partial-thickness  burns  by  facilitating  recipient  epidermal 
recovery,  then  the  use  of  dead,  freeze-dried  homograft 
should  not  yield  similar  results.  Observations  and  biopsies 
will  be  made  in  this  regard. 

The  structural  details  of  homograft  vascularization  are 
obscure.  Stereomicroscopic  j_n  s i tu  observations  of  vital 
hoinograft  have  demonstrated  that  circulation  occurs,  in 
fact,  circulatory  arrest  within  homograft  is  considered  the 
most  reliable  temporal  indication  of  homograft  rejection.! *2 
Other  features  of  homograft  rejection,  £.5.,  discoloration, 
hemorrhage,  or  sloughing  depend  on  variables  other  than  the 
onset  of  invnuno logical  rejection.  We  were  not  able  to 
demonstrate  vascular  communication  across  the  graft- 
recipient  junction  In  the  above  patients.  Apparently,  the 
homograft  is  not  diffusely  vascularized  by  granulation 
tissue  proliferating  in  the  graft  bed.  If  vascularization 
occurs  focal ly  in  part i al -th i ckness  injury,  it  could  easily 
be  missed  In  serial  sections  but  might  be  readily  detected 
by  vascular  injection  studies  with  radiopaque  media  and 
roentgenograms  of  homograft  and  recipient  removed  en  bloc. 
Studies  are  underway  in  this  regard. 

Numerous  histological  studies  of  the  homograft  reaction 
In  experimental  animals  are  available,  but  most  of  these 
employ  ful 1 -thickness  homograft  covering  a  surgically  pre¬ 
pared  bed,  also  excised  to  full  thickness,  rather  than 
split-thickness  homograft  over*y-,.g  thermally  injured  skin, 
Hedawar  was  among  the  first  to  describe  the  hi stopethology 
of  cutaneous  homograft  acceptance  and  rejection. 3.4  He 
also  studied  sequential  biopsies  in  a  patient  who  had  sus¬ 
tained  a  large,  full-thickness  burn  which  was  subsequently 
covered  with  pinch  homografts. ^  The  morphological  features 
cf  homograft  rejection  which  he  described  resemble  those 
which  occurred  in  some  of  our  patients.  The  histological 
reaction  of  homograft  covering  a  part ial -thickness  burn 
alst  does  not  differ  markedly  from  that  which  occurs  In 
homograft  set  in  an  excised  wound.  Nevertheless,  the 
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presence  of  viable  epidermal  appendages  transected  in  the 
split-thickness  homograft  and  remaining  in  the  dermis  of 
part ia! -thickness  cutaneous  burns  might  be  expected  to 
modify  certain  features  in  the  histopathologicai  sequence 
as  described  by  Medawar  and  perhaps  alter  the  interpretation 
thereof.  It  is  conceivable  that  because  of  epidermal  re¬ 
generation  beneath  the  homograft,  the  acceptance  and  rejec¬ 
tion  of  cutaneous  homograft  in  patients  with  second-degree 
burns  does  not  represent  an  immunological  reaction  in  many 
cases . 

Clearly,  the  rapid  peeling  of  homograft  that  never  ac¬ 
quires  a  circulation,  but  adheres  briefly  to  recipient,  is 
the  prototype  of  mechanical  rejection.  The  question  con¬ 
cerns  those  homografts  that  have  acquired  a  circulation, 
but  are  rejected  during  the  second  week.  The  histo- 
pathology  suggests  an  immunological  phenomenon  in  those 
biopsies  that  demonstrate  perivascular  hemorrhage  with 
lympho-monocytic  infiltration;  however  perivascular 
hemorrhage,  indici^ive  of  circulatory  stasis,  which  is 
the  earliest  sign  of  homograft  rejection,  has  been  noted 
in  the  absence  of  a  leukocyte  infiltrate.  Does  this 
reflect  humoral  rather  than  cellular  antibody  effect,  or 
is  this  the  response  that  occurs  when  vessels  at  the 
graft-recipient  junction  are  narrowed  or  closed  by  epi¬ 
dermal  recovering  of  the  partial-thickness  burn?  If  a  rton- 
immunological  basis  exists  for  second-week  homograft  rejec¬ 
tion  overlying  second-degree  burns  in  some  instances,  then 
it  should  be  demonstrable  by  utilizing  burned  animals  and 
homograft  from  inbred  rat  colonies.  A  future  study  is 
planned  in  this  regard. 

Summary  and  Conclusions 

The  various  histopathologicai  changes  which  occur  in 
homograft  covering  part ial-thickness  burns  are  described. 

The  microscopic  basis  for  cosmetically  superior  repair  In 
homograft  covered  as  compared  to  uncovered  second-degree 
burns  is  defined  and  analyzed  in  relation  to  earl  lor 
biopsies.  Immunological  phenomenon  may  be  responsible  for 
homograft  rejection  from  second-degree  burns  in  a  smaM  num¬ 
ber  of  cases,  but  definitive  studies  are  required  In  this 
regard. 
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tu)  Tech  Objective  -  To  decrease  blood  loss  from  skin  donor  sites  during  operative 
procedures. 

(U)  Approach  -  Subcutaneous  infusion  of  saline  containing  1  meg  per  cc  of  epinephrine 
subjacent  to  skin  graft  donor  sites.  1 

(U)  Progress  (Jul  65-Jun  66)  -  Patients  with  extensive  thermal  Injuries  who  require 
skin  grafting  procedures  often  sustain  blood  loss  from  skin  donor  sites  of  a 
magnitude  necessitating  replacement  therapy  In  the  operating  room  and  under  anesthesia. 
To  decrease  this  operative  blood  loss,  the  potent  vasoconstrictor  effects  of 
epinephrine  were  employed  by  adding  I  mg  of  epinephrine  to  1,000  cc  of  normal  saline 
solution  Infused  subcutaneously  in  anatomical  areas  utilized  as  skin  donor  sites. 

With  this  drug  concentration,  the  systemic  physiological  responses  to  the  drug  were 
minimal,  while  achieving  a  marked  decrease  In  donor  site  bleeding.  No  postoperative 
complications  which  could  be  attributed  to  this  technique  were  observed  In  35  patients 
who  underwent  removal  of  split-thickness  skin  grafts  for  autograf ting  procedures. 
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Patients  with  extensive  thermal  injuries  who  require 
skin  grafting  procedures  often  sustain  blood  loss  from  skin 
donor  sites  of  a  magnitude  necessitating  replacement  therapy 
in  the  operating  room  and  under  anesthesia.  To  decrease 
this  operative  blood  loss,  the  potent  vasoconstrictor  effects 
of  epinephrine  were  employed  by  adding  one  mg  of  epinephrine 
to  1,000  cc  of  normal  saline  solution  infused  subcutaneously 
in  anatomical  areas  utilized  as  skin  donor  sitf.  With  this 
drug  concentration,  the  systemic  physiological  responses  to 
the  drug  were  minimal,  while  achieving  a  marked  decrease  in 
donor  site  bleeding.  No  postoperative  complications  which 
could  be  attributed  to  this  technique  were  observed  in  35 
patients  who  underwent  removal  of  spl i t -thickness  skin  grafts 
for  autografting  procedures. 


(1)  Epinephrine 

(2)  Donor  sites 


(3)  Hemorrhage 

(4)  Saline  infusion 
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CONTROL  OF  BLOOD  LOSS  FROM  DONOR  SITES  BY  THE  ADDITION 
OF  EPINEPHRINE  TO  SUBCUTANEOUS  SALINE  INFUSIONS 


Epinephrine  is  probably  one  of  the  oldest  and  most 
thoroughly  studied  drugs  in  present-day  usage.  Its  potency 
is  such  that  intravenous  injection  of  only  a  few  micrograms 
per  minute  produces  a  marked  physiologic  response  consisting 
of  an  increase  in  systolic  blood  pressure,  a  decrease  in 
diastolic  blood  pressure,  vasoconstriction  in  the  skin,  in¬ 
crease  in  heart  rate,  and  a  slight  increase  in  respiratory 
rate  and  depth.  This  "fight  or  flight"  phenomenon  apparently 
activates  the  animal  for  increased  motor  activity  by  vaso¬ 
constriction  of  the  skin,  vasodilation  in  muscle,  and  an 
alerting  effect  on  the  central  nervous  system.  While  the 
intravenous  route  of  administration  produces  immediate  effects, 
subcutaneous  injection  results  in  vasoconstriction  which 
decreases  and  slows  drug  absorption.  Because  of  this 
response,  much  larger  doses  of  the  drug  are  tolerated  sub¬ 
cutaneously  than  by  intravenous  administration. 

Epinephrine  has  long  been  used  to  decrease  operative 
blood  loss  from  surgical  procedures  by  local  injection 
techniques.  In  the  usual  concentration  of  1:50,000,  there 
is  often  a  reactive  vasodilation  in  the  postoperative  period 
with  an  associated  hemorrhage.  Until  recently,  epinephrine 
has  seldom  been  used  with  general  anesthesia,  since  its 
combination  with  most  anesthetic  agents  may  produce  myo¬ 
cardial  sensitization  and  ventricular  fibrillation.  However, 
two  general  anesthetic  techniques  currently  available  and 
compatible  with  exogenous  epinephrine  are  nitrous  oxide- 
curare  and  methoxyf lurane  (Penthrane*) . 

The  present  study  evolved  from  two  observations:  first, 
that  large  amounts  of  split-thickness  skin  autograft  could 
be  obtained  from  difficult  anatomical  -.reas  after  the  in¬ 
fusion  of  sufficient  volumes  of  saline  solution  in  the  sub¬ 
cutaneous  tissues  to  obscure  bony  landmarks,  and  second, 
that  the  addition  of  only  one  mg  of  epinephrine  to  1,000  cc 
of  normal  saline  solution  injected  subcutaneously  resulted 
in  minimal  changes  of  vital  signs  while  producing  a  marked 
vasoconstrictive  effect  with  little  tendency  for  postoperative 
hyperemia.  The  combination  of  these  two  techniques  permitted 


*  Aboott  Laboratories. 


removal  of  skin  grafts  from  almost  any  surface  area  with  in¬ 
consequential  blood  loss. 

This  regimen  was  used  in  a  series  of  35  patients,  both 
children  and  adults,  with  no  change  of  statistical  signifi¬ 
cance  in  the  anesthetic  records  which  v-ore  monitored  for 
pulse,  ventricular  arrhythmias,  respiration  and  occasionally 

b’ood  pressure.  Blood  loss  from  the  skin  donor  sites  was 

% 

consistently  small,  approximating  5  to  10  per  cent  of  that 
ordinarily  expected  from  split-thickness  skin  graft  excision 
procedures.  In  the  postoperative  period,  the  donor  sites 
were  managed  by  covering  with  a  single  layer  of  fine-mesh 
gauze  and  exposure.  No  drying  lamps  were  used,  to  avoid 
reactive  hyperemia  and  blood  loss  through  the  interstices 
of  the  fine-mesh  gauze.  Healing  rates  of  donor  sites  in¬ 
jected  with  the  epinephrine-saline  solution  appeared  to  be 
identical  with  those  infused  with  the  saline  solution  alone. 

Appropriate  photographs  of  control  and  treated  donor 
sites  are  available  in  the  files  of  the  Surgical  Research 
Unit. 
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“(U)  Tech  Objective  -  The  objectives  are  to  evaluate  all  possible  applications  in  burn 
surgery  of  the  new,  less  toxic  cyanoacrylate  tissue  adhesives  prepared  by  USAMBRL. 

(U)  Approach  -  Laboratory  evaluation  was  made  on  spl i t- thickness  skin  grafts  in  rats, 
burn  wound  sepsis  rats  and  agar  plate  becterlal  sensitivities.  Clinical  evaluation 
n!s  progressing  with  applications  as  second-degree  burn  dressing,  granulation  bed 
dressing,  donor  site  dressing,  homograft  dressing,  homograft  bed  adhesive,  and 
autograft  suture  substitute. 

(U)  Progress  (Jan  66  -  Jun  66)  -  AH  clinical  applications  have  been  made.  The  only 
encouraging  results  are  applications  as  second-degree  burn  dressing,  secoad-degree 
wound  homograft  adhesive,  and  as  a  donor  slie  dressing. 
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Six  cyanoacrylate  monomers  are  being  studied  in  the 
following  applications:  (1)  as  a  graft  bed  adhesive  in  rats; 

(2)  as  a  wound  dressing  in  the  inoculated  burn  wound  sepsis 
rat;  (3)  agar  plate  bacterial  sensitivities;  (4)  as  a  sole 
cover  for  clinicat  second-degree  burns;  (5)  as  a  graft  bed 
adhesive  for  immediate  homografting  of  second-degree  burns; 

(6)  as  a  topical  spray  dressing  over  homografted  second- 
degree  burns;  (7)  as  a  sole  covering  over  clean  granulations; 
(8)  as  a  graft  bed  adhesive  for  homograf t ing  clean  granula¬ 
tions;  (9)  as  a  suture  substitute  under  the  overlapped  edge 
of  split-thickness  skin  graft;  (10)  as  a  hemostatic, 
analgesic  dressing  for  donor  sites. 


*  From  the  US  Ar-^y  Medical  8!omechanlcal  Research 
Laboratory,  Walter  Reed  Army  Institute  of  Research, 
WRAMC,  Washington,  DC 

t  From  The  Department  cf  Surgical  Physiology,  Walter 
Reed  Army  Institute  of  Research,  WRAMC,  Washington,  DC 
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Preliminary  results  warrant  further  clinical  evaluation 
of  applications  as  a  sole  covering  for  second-degree  burns, 
as  a  graft  bed  adhesive  for  immediate  homografting  of  second- 
degree  burns  and  as  a  hemostatic,  analgesic  donor  site 
dress i ng. 


(1)  Adhesives 

(2)  Cyanoacrylates 

(3)  Homograft 
(A)  Autograft 


(5)  Donor  Sites 

(6)  Polymers 

(7)  Monomers 
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EVALUATION  OF  THE  NEW  CYANOACRYLATE  TISSUE  ADHESIVES 
PREPARED  BY  USAMBRL  FOR  FIXATION  OF  IMMEDIATE  HOMOGRAFTS 
ON  PARTIAL -THICKNESS  BURNS 


The  US  Army  Medical  Biomechanical  Research  Laboratory 
has  recently  synthesized  a  series  of  new  cyanoacrylates. 
This  study  is  designed  to  evaluate  these  materials  as 
tissue  adhesives  for  the  fixation  of  skin  grafts. 


Methyl -2-cyanoacry late  is  a  clear  liquid  which 
rapidly  polymerizes  on  contact  with  moisture.  It  is 
marketed  by  Eastman  Kodak  as  E-O10  and  by  Dorden  as  Ad/Here 
and  is  licensed  by  the  FDA  for  investigational  use.  There 
are  more  than  50  reports  in  the  literature  of  extensive 
clinical  and  laboratory  trials  of  such  diverse  applica¬ 
tions  as  cornea,  dura,  bronchial  stump,  duodenal  stump, 
pancreatic  resection  edge,  liver  resection  edge,  biood 
vessel  anastomoses,  intestinal  anastomoses,  bone  grafts 
and  skin  wounds.’*8  Laboratory  studies  ha.e  also  included 
absorption,  excretion,  breakdown,  carcinogenesis,  tissue 
reaction  and  new  methods  of  application. 


Ivalon  sponges  impregnated  with  0.5  cc  of  c’^  - 
labeled  E -9 1 0  implanted  subcutaneously  in  rats  lose  50 
per  cert  of  the  C'*4  in  30  days  and  100  per  cent  in  six 
months;  46  per  cent  is  excreted  In  the  urine,  5.5  per 
cent  in  the  feces  and  40  per  cent  in  expired  C02.  None 
was  ever  recovered  from  fat,  muscle,  bone,  liver,  spleen, 
kidneys  or  brain.  There  is  no  evidence  of  carcinogenic 
activity  and  no  suggestion  of  bone  marrow  suppression 
even  when  the  polymer  is  injected  into  the  femoral 
medulla.  Local  tissue  toxicity  is,  however,  a  problem, 
as  evidenced  by  acute  inflammation  and  a  thin  layer  of 
necrosis  adjacent  to  ail  brushed  on  monomer  implants. 

Skin  grafts  slough  where  monomer  Is  brushed  on  the  graft 
bed  but  rot  where  the  monomer  is  applied  over  the  ex¬ 
ternal  graft  surface.  No  necrosis  is  seen  on  implants 
and  graft  beds,  however,  when  very  thin  layers  are 
sprayed  on.  This  iocal  tissue  toxicity  may  be  due  to 
the  heat  of  polymerization  {maximum  temperature  increase 
is  4°C.)  and/or  to  the  formaldehyde  released  by  water 
degradation  (maximum  27  per  cent  by  vaslght  converted 
to  formaldehyde). 
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In  a  search  for  less  toxic  monomers,  several  higher 
carbon  homologues  were  synthesized  at  the  US  Army  Medical 
Biomechanical  Research  Laboratory.  These  are  ethyl, 
propyl,  butyl,  isobutyl,  amyl,  hexyl,  heptyl,  octyl, 
nonyl,  and  decyl  2  alpha  cyanoacrylates.  Several  of 
these  produce  less  heat  of  polymerization,  much  less 
formaldehyde  (I /20th  as  much  as  methyl)  and  much  less 
tissue  reaction.  A  new  method  of  application  was  also 
developed  (spray  with  nitrogen  or  freon  vehicle)  which 
results  in  a  smaller  dose  ir.  a  htore  even  layer  than 
previous  dab-on  and  brush-on  techniques.  All  of  these 
new  monomers  were  sprayed  onto  I  cm^  areas  of  rat 
bowel  serosa.  The  rats  were  sacrificed  at  weekly  in¬ 
tervals  and  the  bowel  biopsied,  with  thr  finding  of 
acute  i nf larunatory  response  witn  methy’ ,  chronic  in¬ 
flammation  with  ethyl  and  propyl,  and  only  slight  foreign 
body  reaction  with  butyl,  amyl  anc  heptyl  Application 
of  these  higher  homologues  underneath  spi i t- thi ckness 
skin  grafts  and  homografts  resulted  n  a  high  incidence 
of  takes  with  an  unexplained  survive'  of  some  of  the 
homografts  for  prolonged  periods. 

Progress 

Since  receipt  of  six  monomers  in  January  1966,  the 
following  experience  has  been  accumulated: 

1 .  Skin  Grafts  in  R3ts 


Four  rats  had  spl i t-th ickness  skin  grafts  re¬ 
placed  on  the  dermal  donor  site  after  the  site  was 
sprayed  with  the  butyi  monomer  in  two  of  the  animals 
end  the  propyl  monomer  in  the  other  two  animals.  A  50 
p«r  cent  take  resulted,  with  the  remainder  of  the  graft 
elevated  by  regrowth  of  hair  in  the  donor  site. 

four  rats  had  split-thickness  skin  grafts  replaced 
on  the  donor  site  after  the  dermis  was  excised  and  the 
panniculus  sprayed  with  butyl  monomer  in  one,  graft 
edges  only  with  butyl  monomer  in  two,  and  propyl  monomer 
in  one.  A  75  per  cent  take  was  obtained  where  the  graft 
bed  was  sprayed  and  a  100  per  cent  take  where  the  eoges 
only  were  sprayed. 


2 .  Burn  Wound  Seps i s  in  Rats 


Fifteen  rats  received  a  standard  30  per  cent 
third-degree  scald  wound  and  were  inoculated  with 
Pseuoomonas  strain  SRU  12-4-4(5^).  Five  controls  had  no 
cyanoacrylate,  five  were  sprayed  with  propyl  before 
inoculation  and  five  after  inoculation.  Four  survivors 
at  two  weeks  included  two  contid  animals,  one  animal 
sprayed  before  inoculation  and  one  sprayed  after 
i nocui alien. 

3 .  Bacterial  Sensitivity 

Twenty  plain  agar  plates  were  streaked  and  six 
monomers  dropped  on  each  plate  and  read  as  disc  sensi- 
tivites  at  48  hours  as  follows: 

Five  different  strains  of  Stapy lococcus  aureus 
Five  different  strains  of  Pseudomonas 
Five  different  strains  of  Proteus 
five  different  strains  of  Aerobacter 

Two  to  10  millimeter  zones  of  inhibition  were  seen 
around  the  drops,  the  largest  zones  associated  with  the 
methyl,  propyl  and  octyl  monomers. 

4 .  Clinical  Appl i cat  ions 

a.  Immediate  spray  application  of  the  propyl 
monomer  to  two  small  areas  of  fresh  second-degree  burns 
has  been  done.  One  patient  reported  a  mild  transient 
burning  sensation;  the  other  said  it  was  painless. 

There  was  no  gross  difference  in  the  healing  rate  or 
resu't  as  compared  to  adjacent  areas  treated  by  standard 
methods . 


b.  Spray  application  of  the  propyl  monomer 
beneath  a  small  area  of  homograft  over  a  fresh  second- 
degree  burn  in  one  patient  resulted  in  transient  burning, 
good  adherence,  and  no  gross  difference  in  healing  rate 
or  result. 
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c.  Topical  spray  application  of  the  propyl  monon 
over  a  homografted  second-degree  burn  in  one  patient  did 
not  improve  homograft  adherence. 

d.  Spray  application  of  the  propyl  monomer  over 
a  small  area  of  clean  granulation  tissue  in  two  patients 
was  painless  but  resulted  in  superficial  necrosis  and 
accumulation  of  purulence. 

e.  Spray  application  of  the  propyl  monomer 

on  a  small  granulating  bed  prior  to  homografting  In  two 
patients  was  painless  but  resulted  in  graft  necrosis. 

f.  Dab-on  application  under  overlapped  edges 
of  problem  areas  was  done  on  four  homecraft  patients  and 
four  autograft  patients,  with  five  poor  results  and  three 
fair  results. 


g.  Donor  site  hemostasis  was  achieved  with  a 
thin  layer  spray  of  propyl,  hexyl,  heptyl  and  octyl  in  13 
patients,  with  good  to  excellent  results  in  all.  On 
adequately  covered  donor  sites,  there  was  no  postoperative 
weeping,  pain  or  limitation  of  motion  as  seen  with  the 
fine-mesh  gauze  technique.  Separation  of  the  polymer  crus 
frequently  took  several  days  longer,  but  there  was  no 
gross  difference  in  the  final  healed  result.  Down-side 
doner  sites  still  tend  to  become  moist  and  stick  to  the 
bedding. 

Further  experience  will  be  accumulated  with  applica¬ 
tion  over  fresh  second-degree  burns  and  under  overlapped 
edges  of  homografts  and  autografts;  a  16  mm  film  will  be 
made  of  the  application,  healing  and  result  of  application 
to  spi i t-thickness  skin  graft  donor  sites. 

Summary  <'ftd  Conclusions 

Six  cyanoacrylate  monomers  are  being  studied  in  the 
following  applications: 

1.  As  a  graft  bed  adhesive  in  rats. 
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2.  As  a  wound  dressing  in  the  inoculated  burn  wound 
sepsis  rat. 

3.  Agar  plate  bacterial  sensitivities. 

4.  As  a  sole  cover  for  clinical  second-degree  burns. 

5.  As  a  graft  bed  adhesive  for  immediate  homograft¬ 
ing  of  second-degree  burns. 

6.  As  a  topical  spray  dressing  over  homograf ted 
second-degree  burns. 

/.  As  a  sole  covering  over  clean  granulations. 

8.  As  a  graft  bed  adhesive  for  homografting  clean 
granu 1  at  ions . 

9.  As  a  suture  substitute  under  the  overlapped  edge 
of  split  grafts . 

10.  As  a  hemostatic,  analgesic  dressing  for  donor 
sites. 

Preliminary  results  warrant  further  clinical  evalua¬ 
tion  of  applications  as  a  sole  covering  for  second-  'egree 
burns,  as  a  graft  bed  adhesive  for  immediate  homografting 
of  second-degree  burns,  and  as  a  hemostatic,  analgesic 
donor  site  dressing. 
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The  autopsy  records  and  histological  sections  from  burn 
deaths  between  1960-1?65  ere  reviewed  and  the  causes  of  death 
classified.  Respiratory  disease  has  replaced  hum  wound 
’psis  as  the  major  cause  of  death 


(1)  Respiratory  Disease 

(2)  Septicemia 

(3)  Burn  Deaths 


CAL)  >c  OF  DEATH  IN  THE  BURNED  PATIENT 
1960-1965 


During  1965,  a  system  for  cross- i ndexi ng  cf  patho¬ 
logical  diagnoses  was  instituted  for  all  burn  autopsies 
performed  at  the  Surgical  Research  Unit  since  i960.  The 
histologic  sections,  autopsy  protocol  ana  clinical  summary 
were  reviewed  from  each  autopsy  prior  to  filing  of  diag¬ 
noses.  The  review  provided  a  unique  opportunity  for  a 
cl i nico-pathological  mortality  study  of  burn  deaths.  The 
data  collected  during  this  per i od  are  unique  in  that  it 
probabH-  represents  the  largest  group  of  burn  deaths 
studied,  consists  of  autopsies  done  by  pathologists  who 
autopsied  burned  patients  almost  exclusively  and  were 
therefore  experienced  in  the  peculiarities  of  the  burn 
autopsy,  and  thirdly,  is  composed  of  patients  who, 
because  of  their  youth,  died  of  burns  and  their  complica¬ 
tions  rather  than  from  burns  plus  preexistent  disease 
as  might  be  expected  in  an  older  age  group.  The  latter 
feature  permits  one  a  more  uncluttered  vipw  of  the 
pathogenesis  of  death  in  the  burned  patient. 

The  cause  of  death,  in  addition  to  the  burn,  is 
listed  in  the  accompanying  table.  Although  a  :ingle 
cause  of  death  was  the  desideratum,  it  will  be  noted  that 
more  than  one  cause  is  given  in  a  few  instances.  In  no 
patient  was  it  found  necessary  to  list  more  than  two 
causes  of  death,  in  addition  to  the  burn. 

Di scussion 


Septicemia  has  decreased  markedly  because  of  the 
elimination  of  burn  wound  sepsis  as  a  major  cause  of 
death.  Three  deaths  due  to  burn  wound  sepsis  are  re¬ 
corded  in  1965.  Cne  patient  was  received  two  weeks  post¬ 
burn  with  3n  established  wound  infection  and  died  of  sep¬ 
ticemia.  Two  plausible  origins  for  septicemia  were 
found  at  autopsy,  viz.,  small  areas  of  burn  wound  sepsis 
and  suppurative  phlebitis  at  a  cutdown  site.  Another 
patient  developed  sepsis  beneath  large  areas  which  were 
covered  with  homograft.  The  third  patient  had  infection 
of  an  amputation  stump  in  a  burned  area,  in  addition 


to  rents'  failure.  This  iasl  patient  is  similar  to  one 
of  the  three  patients  who  died  ftmn  burn  wound  sepsis  in 
1964,  whose  sepsis  originated  from  infection  o.  two  am¬ 
putation  stumps,  both  in  burned  areas, and  who  also  had 
renal  failure  listed  as  a  second  cause  of  death.  These 
are  not  typical  cases  of  burn  wound  sepsis.  The  first 
patient  autopsied  in  1964  (A-l-64)  with  burn  wound  sepsis 
never  received  Sulfamylon  therapy  and  the  third  burn 
wound  sepsis  death  in  1964  died  24  days  after  Sulfamylon 
was  discontinued  because  of  allergic  manifestations. 

The  overall  decline  in  deaths  due  to  septicemia  may 
not  be  so  marked  as  the  table  indicates  since  antemortem 
blood  cultures  are  not  taken  so  frequently  in  patients 
w  i  tii  pulmonary  complications  as  they  were  in  patients 
with  suspected  burn  wound  sepsis.  More  frequent  ante¬ 
mortem  blood  cultures  would  be  helpful  in  defining  the 
pulmonary  complications  in  our  burned  patients  as  in¬ 
fectious  lower  respiratory  disease,  especi a  1 1  y  when  com¬ 
bined  with  postmortem  pulmonary  bacteriological  studies. 
An  amplification  of  respiratory  deaths,  including  tne 
complete  spectrum  of  pulmonary  pathology  in  the  burned 
patient,  is  included  in  a  separate  report. 

Suppurative  phlebitis  at  cutdown  sites  remains  an 
occasional  cause  of  septicemic  deaths.  Again,  the  ac¬ 
tual  incidence  of  this  con.pl  i cat i on  in  the  burned  patient 
is  grossly  underestimated  by  the  mortality  table  in¬ 
dicating  that  this  life  threatening  complication  is 
recognized  and  successfully  treated  in  most  patients. 
Septicemia  of  miscellaneous  origin  includes  one  patient 
with  empyema  of  the  gallbladder  and  one  with  a  mandibular 
abj'ess.  Patients  who  died  with  septicemia  which  had 
been  documented  clinically  and  pathologically,  in  whom 
necropsy  did  not  disclose  a  satisfactory  origin  of  infec¬ 
tion,  were  categorized  as  septicemic  deaths  of  uncertain 
origin. 

Gastrointestinal  hemorrhage  is  the  common  mechanism 
of  death  in  patients  who  die  of  Curling's  ulcers,  but  one 
patient  in  this  category  died  of  a  perforated  duodenal 
ulcer  with  peritonitis. 


Renal  failure  is  listed  as  a  mortal  comp’ication 
in  eight  patients  over  the  six-year  period  when  it  was 
both  a  clinical  and  pathological  cause  of  death.  Pa¬ 
tients  with  terminal  oliguria,  often  seen  in  deaths  due 
to  burn  wound  sepsis,  are  not  included  in  this  group. 

All  deaths  attributed  to  renal  failure  occurred  within 
nine  days  postburn  and  were  due  to  unsuccessful  resusci¬ 
tation  in  the  early  postbutn  period.  The  mechanism  of 
death  was  either  cardiac  arrhythmia  with  a  rapidly  rising 
serum  potassium  or  overhydre' ion  in  a  belated  effort  to 
increase  urinary  output  after  admission  to  the  Surgical 
Re'earch  Unit. 

Additional  deaths  due  to  inadequate  resuscitation 
manifested  themselves  by  peripheral  vascu’z-  collapse 
and  are  classified  in  the  miscellaneous  category  under 
shock  (5).  The  total  deaths  in  these  two  groups  (13) 
could  be  combined  and  considered  as  deaths  due  to  in¬ 
adequate  resuscitation. 

In  the  category,  cause  of  death  uncertain,  are  all 
patients  dying  within  the  first  few  days  postburn  with 
pulmonary  edema  and  congestion  as  the  sole  finding  at 
autopsy.  Many  of  these  patients  suffered  a  cardiac 
arrest  in  turning  or  while  being  intubated.  Also  in 
this  group  are  patients  whose  death  was  genuinely  a 
puzzle  to  both  clinicians  and  to  the  pathologist  al¬ 
though  there  may  have  been  no  lack  of  pathological 
diagnoses. 

In  the  miscellaneous  category  were  attributed  deaths 
due  to  shock  in  the  early  postburn  period  (5),  coronary 
heart  disease  (4),  acidosis  (3)>  adrenal  infarcts  (2), 
pancreatitis  (2),  pulmonary  embolus  (2),  peritonitis  (2), 
cerebral  vascular  accident  (1),  hepatic  cirrhosis  (1), 
subacute  bacterial  endocarditis  (1),  aortic  esophageal 
fistula  (1),  and  retroperitoneal  hemorrhage  (1). 

Summary  and  Conclusions 

A  c 1  ini co-pathol ogi cal  study  of  burn  deaths  between 
1960-1965  indicates  that  respiratory  disease  has  replaced 


burn  wound  sepsis  as  the  major  cause  of  death.  Other 
lethal  complications  during  this  period  have  also  been 
classified.  It  should  be  noted  that  a  study  of  this 
sort  indicates  the  frequency  of  mortal  complications  in 
the  burned  patient  but  tends  to  minimize  nonlethal 
complications.  The  latter  would  not  be  listed  in  such 
data  although  they  might  have  been  directly  or  indirectly 
responsible  for  the  subsequent  development  of  the  can- 
pi  icotions  to  which  death  was  attributed. 
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A  cl i nico-pathol ogi cal  study  of  233  burn  ai'opsies  between 
1960-1965  was  performed  to  define  the  pathology  of  the  lung 
in  the  burned  patient  and  to  investigate  the  recent  increase  in 
deaths  due  to  respiratory  complications.  Respiratory  deaths 
were  found  to  be  mainly  due  to  pneumonia  and  the  complications 
of  tracheostomy.  The  increase  in  deaths  due  to  pneumonia 
in  1964-1965  compared  to  1960-1963  is  statistically  significant. 
The  precise  factors  responsible  for  this  increase  are  unknown. 


(!)  Pneumonia 
(2)  Burn 
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PULMONARY  PATHOLOGY  IN  THE  BURNED  PATIENT 

In  1964  and  1965  more  burned  patients  died  of  res¬ 
piratory  complications  at  the  US  Army  Surgical  Research 
Unit  t  ha  n  in  previous  years.  The  present  report 
classifies  the  respiratory  pathology  in  these  patients 
and  summarizes  the  pathological  findings  in  the  lungs 
of  all  burned  patients  autopsied  at  the  Surgical  Research 
Unit  since  I960, 

Materi al 


All  autopsy  protocols,  clinical  summaries  and  tissue 
sections  from  burn  autopsies  between  ,960-1965,  inclusive, 
were  studied.  There  were  233  autopsies  out  of  243  burn 
deaths  during  this  period,  involving  1821  sections  taken 
from  the  respiratory  system,  an  average  of  7.8  per 
autopsy.  The  pathological  diagnose^  in  the  respiratory 
c  vs  tern  were  listed  ufter  review  of  the  clinical  and  gross 
autopsy  data  and  personal  review  of  all  of  the  sections. 
Approximately  30  paraffin  blocks  required  recutting  and 
restaining  and  additional  special  stains  were  performed 
in  several  cases.  ;he  cause  of  death  was  ascertained 
t  cm  Hie  clinical  and  pathological  material  and  in  no 
case  was  it  necessary  to  list  more  than  two  causes  of 
death,  in  addition  to  the  burn.  Major  factors  contribut¬ 
ing  to  demise,  in  addition  to  the  cause  of  death,  were 
arbitrarily  listed  when  they  were  prominent  in  the  clinical 
course  or  of  unusual  pathological  extert. 

Di  scu  ssi  on 


The  accompany i rig  table  indicates  that  pneumonia, 
although  annually  noi.ed  in  burn  autopsies  as  the  leading 
cause  of  respiratory  deaths  has  increased  in  frequency 
as  a  cause  of  death.  In  fact,  pneumonia  has  replaced 
burn  wound  sepsis  as  the  major  cause  of  death  in  the 
burned  patient  in  1964-1965.  In  \/iew  of  the  decline  in 
deaths  due  to  burn  wound  sepsis,  the  increase  in  pneumonia 
as  a  cause  of  death  might  appear  to  be  for  a  lack  of  a 
better  cause.  This  is  unlikely  since  the  extent  of  the 
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pulmonary  inflammatory  response  necessary  to  assign  it 
as  cause  of  death  appears  to  have  remained  the  same 
over  the  years.  In  corollary,  the  pathological  diagnosis 
of  small  foci  of  acute  bronchopneumonia  is  still  made  as 
an  incidental  finding  of  .10  major  importance  in  some 
1964-1965  autopsies  as  it  was  in  autopsies  during  I960-  - 
1963-  Also,  the  increase  in  pneumonia  as  a  cause  of 
death  in  1964-1965,  compared  with  1960-1963*  in  reference 
to  total  deaths  during  each  period  is  statistically 
significant  (p  <  0.001). 

The  pathological  features  in  lungs  from  burned  pa¬ 
tients  whc  .ave  died  of  pneumonia  are  essentially  un¬ 
changed  over  the  years  and  except  for  extent  of  involve¬ 
ment,  the  hi stopathology  is  also  similar  in  those  pa¬ 
tients  in  whom  pneumonia  was  an  incidental  autopsy 
finding.  Ir.  almost  all  instances,  the  pulmonary  response 
was  bronchopneumonic  vi th  occasional  examples  of  lobar 
pneumonia.  All  such  deaths  presumably  developed  via  air¬ 
borne  infection  as  the  hi stopath^l ogy  was  not  that  of 
embolic  pneumonia  as  described  below.  Bacteria  were 
isolated  in  significant  amounts  from  quantitative 
postmortem  cultures  of  the  lower  respiratory  system  in 
all  instances,  when  searched  for.  The  cultures  yielded 
more  than  one  organism  as  a  rule,  suggesting  a  mixed 
infection.  The  cannon  pathogens  isolated  from  patients 
dying  from  lobar  or  bronchopneumonia  were  in  the  coliform 
group,  with  Aerobacter  specie?  predominating;  however 
Pseudomonas  species  were  also  commonly  isolated.  The 
1 ncrease  1 n  hyaline  membrane  formation,  which  has  been 
almost  invariably  associated  with  inflamnatory  pulmonary 
disease  is  currently  under  study  but  is  thought  to  be  due 
to  more  frequent  use  of  positive  pressure  vt-'.lation 
with  oxygen. 

Although  the  mortality  table  reveals  that  pneumon'a 
is  responsible  for  the  increase  in  respiratory  deaths 
in  the  burned  patient  during  1964-1965,  it  does  not 
disclose  the  reasons  for  the  increase.  It  appears  flora 
the  clinical  sequence  of  events  that  many  patients  who 
succumb  with  pneumonia  have  experienced  hyperventilation, 
due  to  the  hyperchloremic  acidosis  of  Sulfamylon  therapy 
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for  a  day  or  more  prior  to  the  development  of  infectious 
lower  respiratory  disease.  Tracheostomy  and  prolonged 
hyperventilation  may  quite  plausibly  increase  the  suscep¬ 
tibility  of  the  lung  to  infection  by  dehydration  of  the 
mucus  blanket  and  consequent  ciliary  inefficiency. 

In  fact,  however,  the  precise  reasons  for  the  increase  in 
deaths  due  to  pneumonia  in  1964-1965  are  unknown. 

No  deaths  are  attributed  to  embolic  pneumonia,  but 
rather  to  the  original  complication  which  produced  hema¬ 
togenous  dissemination  of  infection  to  the  lung,  e.£., 
burn  wound  sepsis  or  suppurative  phlebitis.  Due  to  the 
decline  in  progressive  burn  wound  sepsis,  there  has  been 
a  proportionate  decline  in  embolic  pneumonia.  Embolic 
bacterial  pulmonary  disease  presents  a  unique  pathological 
picture  with  discrete  subdeural  hemorrhagic  lesions 
usually  swarming  with  bacteria.  Pseudomonas  species  were 
commonly  isolated  from  these  areas  in  large  numbers. 
Embolic  pneumonia  was  found  in  one  patient  in  1964  who 
had  progressive  bacterial  infection  of  burned  amputation 
stumps.  One  patient  in  1965  had  multiple  embolic 
pneumonic  foci  which  were  classified  of  uncertain  origin, 
although  the  source  was  probably  an  infected  phlebotomy 
site.  Except  for  these  isolated  instances,  embolic 
pneumonia  has  virtually  disappeared  from  our  autopsied 
patients. 

Erosive  tracheobronchitis  is  almost  invariably  a 
tracheostomy  complication  initiated  by  abutment  of  the 
tracheostomy  tube  on  the  anterior  tracheal  wall  inferior 
to  the  tracheostomy  stoma.  Over  the  six-year  period 
it  has  been  a  direct  cause  of  death  in  six  instances. 

In  two  patients,  the  erosion  was  deeply  invaded  with 
bacteria  with  peri trachei ti s  and  septicemia  presumably 
on  this  basis.  One  patient  developed  mediastini tis  via 
bacterial  invasion  of  the  eroded  trachea.  One  patient 
had  diffuse  invasive  bacterial  tracheobronchitis  which 
originated  in  the  tracheal  ulcer.  Two  others  died  with 
massive  hemorrhage  from  the  anterior  tracheal  erosion. 
Tracheostomy  has  also  been  indirectly  responsible  for 
other  deaths,  although  not  listed  as  a  cause  of  death 
in  the  accompanying  table,  for  example,  patients  who 
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die  of  pneumonia,  subsequent  to  temporary  obstruction  of  a 
main  stem  bronchus  by  the  tracheostomy  tube  earlier  in  their 
course,  or  patients  who  develop  cardiac  arrest  during 
tracheostomy  or  who  develop  pneumothorax  as  a  tracheostomy 
complication.  In  the  latter  instances,  demise  may  be 
directly  related  to  the  pneumothorax  or  to  the  subsequent 
development  of  pneumonia.  Also,  bacterid  infection  of 
trachea!  erosions  might  conceivably  represent  a  nidus  for 
the  airborne  dissemination  of  lower  respiratory  infection. 

In  any  case,  the  hazards  of  tracheostomy  in  the  burned 
patient  are  grossly  underestimated  by  the  accompanying  table. 

The  frequency  of  tracheobronchitis  in  the  burned  pa¬ 
tient  is  partly  responsible  for  the  controversy  regarding 
inhalational  injury.  Tracheobronchitis  in  our  autopsies 
has  been  focal  in  distribution  and  almost  invariably  as¬ 
sociated  with  tracheostomy.  In  those  patients  who  have 
extensive  tracheobronchitis  at  autopsy,  different 
prosectors,  experienced  in  the  burn  autopsy,  have  con¬ 
sistently  noted  the  normality  of  the  respi ratory  tract 
above  the  tracheostomy  stoma.  In  the  small  percentage  of 
cases  who  had  tracheobronchitis,  without  tracheostomy, 
the  lesions  retained  their  focal  character  and  histo- 
pathological ly  resembled  the  lesions  which  were  as¬ 
sociated  with  tracheostomy.  Erosive  tracheobronchitis  in 
these  few  patients  without  tracheostomy  is  presumably  due 
to  the  trauma  of  endotracheal  suctioning  or  intubation. 

For  the  above  reasons,  the  hypothesis  of  inhalational 
tracheobronchitis  incurred  at  the  time  of  thermal  injury 
is  not  supported  by  our  pathological  observations,  nor  is 
it  controverted  by  these  same  observations. 

Pulmonary  thromboembol i  are  commonly  found  in  lungs 
of  burned  patients  at  autopsy;  however  they  are  usually 
small,  often  microscopic,  and  few  in  number  in  relation 
to  the  total  cross-sectional  area  of  the  pulmonary  vas¬ 
culature.  In  I960,  one  patient  expired  with  massive 
hemoptysis  from  a  large  pulmonary  infarct  following 
major  thromboembe 1 i ,  and  main  pulmonary  artery  thrombo- 
emboli  without  infarction  were  thought  to  be  a  direct 
cause  of  death  in  a  single  burned  patient  in  196A.  These 
two  patients  were  not  classified  as  dying  from  a  res¬ 
piratory  disease. 
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It  will  be  noted  from  the  table  that  very  few  burned 
patients  develop  pneumothorax  either  from  chest  trauma, 
post-thoracentesis,  or  on  a  spontaneous  basis.  Pneumo¬ 
thorax  in  patients  received  at  the  Surgical  Research  Unit 
is  most  frequently  the  result  of  a  tracheostomy  performed 
too  low  in  the  neck.  The  single  patient  who  died  directly 
from  bilateral  pneumothorax  was  a  30 -month-old  child 
whose  tracheostomy,  which  nad  been  performed 
elsewhere,  was  between  the  seventh  and  eighth  tracheal 
rings.  He,  like  others,  was  initially  felt  to  be  suffer¬ 
ing  pulmonary  complications  of  thermal  injury  per  se. 

Many  more  patients,  especially  children,  are  seen  at 
autopsy  with  mediastinal  emphysema  since  this  is  the 
avenue  for  the  subsequent  development  of  pneumothorax. 
Mediastinal  emphysema  is  easily  missed  at  autopsy  unless 
carefully  searched  for,  since  removal  of  the  anterior 
chest  cage,  as  routinely  practiced  in  postmortem  exposure 
of  the  thorax,  customarily  introduces  air  into  the  soft 
tissue  of  the  anterior  mediastinum.  In  fact,  artifactual 
mediastinal  emphysema  is  always  present  when  the  anterior 
chest  cage  is  so  removed.  A  careful  examination  following 
lateral  exposure  is  necessary  for  the  necropsy  diagnosis 
of  mediastinal  emphysema.  It  may  also  be  nu.ed  that  the 
autopsy  diagnosis  of  pneumothorax  also  requires  special 
care,  either  by  direct  postmortem  manometric  measurements 
or  simply  by  incising  the  parietal  pleura  under  a  small 
pool  of  water.  These  complications  of  tracheostomy, 
therefore,  may  be  more  frequent  at  autopsy  than  realized. 

Few  of  our  burned  patients  have  pre-existent  pul¬ 
monary  disease  at  autopsy  and  it  has  been  a  significant 
Factor  in  mortality  in  only  two  patients  over  the  six- 
year  period.  One  patient  was  61  years  old,  with  con¬ 
gestive  heart  failure  secondary  to  coronary  heart  disease, 
i  n  whom  a  pneumonectomy  had  been  performed  for  broncho- 
geni c  carcinoma.  His  opposite  lung  was  emphysematous 
with  acute  tracheobronchitis  and  metastatic  carcinoma  was 
present  in  the  periaortic  lymph  nodes.  The  second  pa¬ 
tient  was  75  years  old  and  died  of  coronary  heart  disease 
with  a  recent  myocardial  infarct  and  also  had  acute 
bronchopneumonia  superimposed  on  chronic  bronchitis  and 
emphysema.  The  problems  in  evaluating  burn  concepts 
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in  these  patients  are  obvious  since  their  clinical  course 
and  demise  are  too  frequently  multifactorial. 

Pulmonary  edema  and  congestion,  by  far  the  most 
common  autopsy  finding  in  the  lungs  of  burned  patients, 
is  a  meaningless  diagnosis  in  itself.  It  frequently  is 
the  only  finding  in  patients  with  extensive  burns  who 
die  in  the  early  postburn  period.  No  effort  was  made 
to  isolate  examples  of  overhydration,  renal  failure, 
cardiac  arrest  with  or  without  arrhythmias,  or  other 
clinical  events  that  might  plausibly  relate  to  pulmonary 
edema  and  congestion  since  retrospective  autopsy  material 
is  incomplete  and  arbitrary  in  this  regard  and  since 
pulmonary  edema  and  congestion  may  develop  rapidly  as  an 
agonal  ohenomenon.  Atelectasis  is  another  autopsy  diag¬ 
nosis  of  uncertain  significance  since  the  normal  state 
of  the  lung  at  autopsy  is  one  of  deflation  when  the 
pleural  cavity  is  opened.  The  diagnosis  of  "congestive 
atelectasis"  would  appear  to  be  one  of  composite 
i ncomprehens i on. 

Pulmonary  megakaryocytes  are  found  in  increased 
numbers  in  burned  patients'  lungs.  This  probably  re¬ 
flects  the  general  posttraumatic  response  in  which 
megakaryocyti c  mobilization  from  bone  marrow  is  increased 
and  entrapment  in  the  pulmonary  capillaries  is  an  ac¬ 
cepted  phenomenon. 

Thus  far,  the  important  pathological  diagnoses  in 
the  lungs  from  burn  autopsies  performed  at  the  Surgical 
Research  Unit  over  a  six-year  period  have  been  outlined. 
Other  features  mentioned  below  could  net  be  evaluated  or 
were  thought  not  to  be  of  any  unique  interest,  e.<|. , 
pulmonary  septal  macrophages  are  prominent  in  almost  all 
lungs  of  burned  patients;  however  this  response  is  probably 
too  nonspecific  to  warrant  any  meaningful  interpretation. 
The  frequency  of  pulmonary  fat  emboli  was  not  evaluated 
since  the  tissue  available  was  paraffin  embedded  and  had 
therefore  been  processed  through  fat  solvents.  A  few 
instance.,  of  incidental  microscopic  bronchiolitis  were 
uncovered.  Focal  pleuritis  overlying  pneumonic  areas 
and  pleural  fibrosis  were  simply  recorded.  Some  pa¬ 
tients  had  minor  foci  of  granulomatous  pulmonary  disease 
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in  various  stages  of  repair,  and  these  were  considered 
irrelevant.  Other  findings,  e.£. ,  pleural  effusion  and 
focal  intra-aveolar  hemorrhage"  apparently  relate  to 
pulmonary  edema  and  congestion  and  were  not  individually 
ar, al  yzed. 

Summary 

A  cl  inico-pathol  ogical  study  of  233  burn  autop^j.es 
between  1960-1965  was  performed  to  define  the  pathology 
of  the  lung  in  the  burned  patient  and  to  investigate  the 
recent  increase  in  deaths  due  to  respiratory  complications. 
Respiratory  deaths  were  found  to  be  mainly  due  to  pneumonia 
and  the  complications  of  tracheostomy.  The  increase  in 
deaths  due  to  pneumonia  in  1964-1965  compared  to  1960- 
1963  is  statistically  significant.  The  precise  factors 
responsible  for  this  increase  are  unknown. 
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Over  a  six-year  period  there  have  been  four  instances 
of  massive  adrenal  hemorrhage  in  238  burn  autopsies.  The 
clinical  and  pathological  features  in  these  patients  are 
described  and  discussed  in  relation  to  adrenal  apoplexy 
in  the  non-burned  patient.  In  none  of  the  four  patients 
was  the  diagnosis  suspected  during  life. 
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MASSIVE  ADRENAL  HEMORRHAGE  FOLLOWING  THERMAL  INJURY 


Small  foci  of  adrenal  hemorrhage  and  necrosis  are  fre¬ 
quently  found  at  autopsy  in  the  burned  and  non-burned 
patient.  This  is  not  customarily  thought  to  be  of  any 
functional  significance  in  view  of  the  limited  extent 
of  the  lesions  and  the  magnitude  of  functional  adrenal 
reserve.  Also,  these  microscopic  lesions  may  be  inter¬ 
preted  as  an  agonal  phenomenon  and  again  of  no  essence. 
Massive  adrenal  hemorrhage  and  necrosis  is  a  rare  cause 
of  death  in  the  burned  patient.  Since  1959  there  have 
been  four  patients  whose  demise  was  thought  to  be  due  to 
acute  adrenal  cortical  insufficiency  on  this  basis. 

Case  No.  1 


A  nine-year  old  white  female  sustained  78.5  per  cent 
total,  65  per  cent  third  degree,  flame  burns  while  attemp¬ 
ting  to  light  a  wood  stove  with  kerosene.  Resuscitation 
was  satisfactory  and  oral  fluids  were  begun  on  the  third 
postburn  day  (PBD).  On  the  fifth  PBD  she  became  febrile, 
and  a  blood  culture  yielded  Aerobacter-Klebsiel la.  She 
became  oliguric  and  hypotensive  in  spite  of  intravenous 
Levophed  and  died  on  the  fifth  postburn  day.  At  autopsy 
the  combined  adrenal  weight  was  12  gm.  Most  of  the  adrenal 
medulla  and  cortex  was  grossly  necrotic,  and  microscopi¬ 
cally  there  was  prominent  separation  of  cortical  cords 
with  hemorrhage.  Many  necrotic  foci  were  infiltrated  with 
neutrophils  and  the  medulla  was  densely  infiltrated  with 
lymphocytes,  plasma  cells  and  eosinophils.  No  adrenal 
thrombi  were  noted.  No  infection  of  the  burn  wound  was 
found. 


Autopsy  Cause  of  Death 

1.  78.5  per  cent  total  body  burns,  65  per  cent 
third  degree. 

2.  Adrenal  cortical  hemorrhage  and  necrosis, 
diffuse,  bilateral. 

3.  Pulmonary  edema  and  congestion. 
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Case  No.  2 

A  49-year  old  white  female  sustained  67.5  per  cent  total, 

36  per  cent  third  degree,  flame  burns  after  a  butane  explo¬ 
sion.  Resuscitation  was  satisfactory;  on  the  fifth  PBD  she 
became  hypothermic  and  intermittently  remained  so  until  her 
demise.  Blood  cultures  8  and  12  days  prior  to  death  yielded 
Staphylococcus  aureus  and  FI avobacterium  aquati le,  respec¬ 
tively,  but  these  were  believed  to  be  contaminants.  Abdominal 
distention  occurred  terminally  and  she  became  oliguric 
and  disoriented  and  expired  on  the  20th  PBD.  At  autopsy  the 
adrenals  together  weighed  16  gm  and  the  left  adrenal  artery 
was  occluded  by  thrombus.  Both  adrenals  were  the  site  of 
large  areas  of  pale  necrosis  alternating  with  hemorrhage. 
Microscopically,  multiple  foci  of  hemorrhagic  infarction 
were  found  with  recent  thrombus  in  the  central  adrenal  vein, 
bilaterally.  No  burn  wound  infection  was  found. 

Autopsy  Cause  of  Death 

1.  67.5  per  cent  total  body  burns,  36  per  cent 
third  degree. 

2.  Adrenal  insufficiency  due  to  adrenal  infarction, 
focal,  extensive,  bilateral. 

Case  No.  3 


A  five-year  old  white  female  sustained  40.5  per  cent 
total,  28  per  cent  third  degree,  flame  burns  when  her  clothes 
ignited  from  an  open  heater.  Her  initial  course  was  excel¬ 
lent,  except  for  a  single  staphylococcal  bacteremic  episode 
presumably  related  tc  an  infected  cut  down.  Shortly  there¬ 
after,  her  wounds  deteriorated  and  multiple  blood  cultures 
yielded  Pseudomonas  aeruginosa.  She  pursued  a  septic  course 
and  expired  '!n  the  36th  PBD.  At  autopsy  the  left  adrenal 
weighed  11  gm  and  the  right,  10  gm.  Diffuse  subcapsular 
and  medullary  hemorrhage  was  noted  grossly.  Microscopically, 
there  was  virtually  complete  cortical  necrosis  and  infarction 
without  bacteria.  Fibrin  thrombi  were  noted  in  the  sub¬ 
capsular  sinusoid  and  pericapsular  vessels.  The  central 
vein  was  free  of  tnrombus.  Invasive  burn  wound  infection 
was  found  at  autopsy. 


Autopsy  Cause  of  Death 


1.  40.5  per  cent  total  body  burns,  28  per  cent 
third  degree. 

2.  Burn  wound  sepsis. 

3.  Adrenal  cortical  necrosis,  diffuse,  bilateral. 


Case  No.  4 


A  51-year  old  white  male  sustained  43  per  cent  total, 

24  per  cent  third  degree,  flame  burns  while  attempting  to 
light  a  wood  stove  with  kerosene.  His  resuscitation  and 
early  course  were  satisfactory  until  the  fifth  PBD  when 
cellulitis  developed  in  the  right  leg.  Shock  and  oliguria 
occurred  rather  unexpectedly  24  hours  prior  to  death  and 
he  e<pi red  in  the  10th  PBD.  At  autopsy  the  right  adrenal 
weighed  30  gm  and  the  left,  19  gm.  There  was  interstitial 
pericapsular  and  diffuse  medullary  hemorrhage,  particularly 
on  the  right.  A  1  mm  rim  of  cortex  was  visible.  The 
central  vein  within  both  adrenal'  was  occluded  with  recent 
thrombus.  Microscopically,  there  was  diffuse  cortical 
and  medullary  necrosis  with  extensive  hemorrhage  bilater¬ 
ally.  Fibrin  thrombi  were  noted  in  the  capsular  vessels. 

No  bacteria  were  found  in  the  adrenal  sections.  There  was 
nc  Lorn  wound  sepsis  and  the  cellulitis  was  resolving. 

Autopsy  Cause  of  Death 

1.  43  per  cent  total  body  burns,  24  per  cent 
third  degree. 

2.  Adrenal  hemorrhage  and  necrosis,  diffuse, 

bi lateral. 

Discussion 


The  gross  and  hi stopathol ogi cal  features  in  the  four 
patients  reported  above,  including  the  patient  with  ob¬ 
vious  burn  wound  sepsis,  are  not  those  found  in  the 
Waterhouse-Friederichsen  syndrome.  Tney  represent,  in¬ 
stead,  the  lesion  referred  to  as  adrenal  infarction, 
massive  intra-adrenal  hemorrhage,  adrenal  hemetoma  or 
adrenal  apoplexy. 
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Greendyke*  recently  collected  33  cases  of  gross  intra- 
adrenal  hemorrhage  from  the  records  of  21,000  autopsies 
performed  over  a  38-yee.r  period.  This  fatal  complication 
usually  occurred  in  patients  with  a  variety  of  preexistent 
disease,  including  cardiovascular  disease  (6),  perforated 
viscus  with  peritonitis  (7),  pneumonia  (3),  malignancy  (4), 
renal  failure  (3)>  and  severe  trauma  (7).  Sepsis  may  have 
been  present  in  12  patients  and  six  patients  had  undergone 
major  surgery  prior  to  their  death.  Other  reports  also 
point  out  the  association  of  adrenal  apoplexy  with  infec¬ 
tions,  trauma,  pregnancy,  ACTH,  and  anticoagulant  therapy. 2-7 

To  this  list  may  be  added  the  four  patients  with  gross 
intra-atlrenal  hemorrhage  described  above.  Sevitt  reported 
two  of  82  burned  patients  who  died  with  extensive  adrenal 
hemorrhage  and  necrosis  at  the  Birmingham  Accident  Hospital. 
The  infrequency  of  this  occurrence  in  our  experience  parallels 
Sevitt ’s  since  the  four  patients  presented  herein  are 
collected  from  238  consecutive  burn  autopsies  at  the  Surgical 
Research  Unit,  since  1959*  The  50-year-old  observation  of 
V'eissk~tten  that  focal  adrenal  hemorrhage  and  necrosis  is 
common  in  burn  fatalities  is  not  in  disagreement  with  our 
observations  concerning  the  infrequency  of  extensive  adrenal 
hemorrhage. 9 

The  clinical  course  in  patients  with  gross  adrenal 
hemorrhage  has  u«en  scribed  and  is  consistent  with  acute 
adrenal  insufficiency.  In  a  review  of  24  patients  (one 
with  burns),  abdominal  pain  was  the  most  frequent  complaint, 
occurring  in  the  epigastrium,  upper  quadrants,  generalized 
or  lumbar,  in  that  order  of  frequency,  usually  accompanied 
by  tenderness  end  spasm. ^  Pallor,  prostration,  cyanosis 
and  hypotension  were  commonly  present.  In  corcrast  to  the 
W oterhouse-Friederichsen  syndrome,  purpura  is  usually  ab¬ 
sent.  The  hemorrhage  usually  involves  both  adrenals,  how¬ 
ever, it  may  be  uni  lateral . In  two  patients  with  unilateral 
disease,  adrenalectomy  was  performed  61th  eventual  recovery. 

Pathologically,  in  addition  to  the  necrosis  and  hemorr¬ 
hage,  thrombus  may  be  found  in  the  adrenal  arteries  or 
vein,  but  is  not  a  consistent  finding.  The  hemorrhage  may 
infiltrate  the  periidren*?  and  retroperitoneal  fat  and  in 
rare  instances  infaperitoneal  hemorrhage  may  occur.  The 
int re -adrenal  hemorrhage  may  be  extensive,  as  up  to  1000 
ml  h*s  been  described  with  adrenal  remnants  contained  therein. 
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No  bacteria  have  been  found  in  adrenal  sections  of  patients 
who  died  with  adrenal  hemorrhage  of  this  type. 

The  four  patients  described  were  not  known  to  have  sus¬ 
tained  direct  trauma  in  the  region  of  the  adrenals  nor  was 
there  evidence  of  a  general  hemorrhagic  diathesis.  The 
clinical  and  pathological  features  were  not  those  of  the 
Waterhouse-Friederichsen  syndrome  and  there  was  no  support 
for  the  necropsy  diagnosis  of  vasculitis  or  the  generalized 
Schwartzman  reaction. 

Summary 

Over  a  six-year  period  there  have  been  four  instances 
of  massive  adrenal  hemorrhage  in  238  burn  autopsies,  ."he 
clinical  and  pathological  features  in  these  patients  are 
described  and  discussed  in  relation  to  adrenal  apoplexy  in 
the  non-burned  patient.  In  none  of  the  four  patients  was 
the  diagnosis  suspected  during  life. 
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M(U)  Tech  Objective  -  To  study  Immunological  lesions  that  develop  following  severe 
thermal  injuries.  Subordinate  objectives  were  a  study  of  serum  protein  changes  In 
burns  with  and  without  infection  and  development  of  a  new  simple  double-diffusion 
technic  In  egar  gel  for  quantitation  of  tetanus  antitoxin  levels. 

(U)  Approach  -  Primary  and  secondary  antigenic  response  was  Investigated  In  adult 
patients  sustaining  greater  than  30%  total  body  surface  burns  and  in  experimental 
"bnlmals.  The  gel-diffusion  method  for  measurement  of  tetanus  antitoxin  was  developed 
to  monitor  the  changes  In  tetanus  antitoxin  levels  In  burned  patients.  Multiple  serum 
electrophoretic  studies  were  done.  In  both  patients  and  experimental  animals,  to  deter¬ 
mine  what  influence  Infection  had  upon  the  changes  following  thermal  Injury. 

(U)  Progress  (dul  65-dun  66)  -  An  Immunodiffusion  techntc  for  quantitation  of  tetanus 
antitoxin  levels  In  patient  sera  has  been  developed  which  should  find  wide  usage  In 
commercial  drug  houses  and  In  investigative  canters.  It  has  been  shewn  that  altera¬ 
tions  produced  by  infection  contribute  significantly  to  the  changes  In  electrophoretic 
^pattern  found  following  thermal  Injury,  but  since  Infection  exists  In  nearly  every  burn 
wound,  electrophoresis  has  little  clinical  application.  The  most  Important  finding  was 
the  demonstration  of  a  depressed  primary  Immune  response  to  heterologous  erythrocytes 
In  both  experimental  animals  and  In  patients.  This  has  been  related  to  time  of  admin¬ 
istration  of  the  antigen  following  burn  Injury  end  else  to  the  slxe  of  bum  Injury. 
Further  Investigations  are  being  carried  out  to  determine  If  the  nature  of  the  antigen 
Is  critical  end  why  such  a  deficit  exists.  The  finding  that  the  host  is  unable  to 
cope  with  cellular  antigen  may  largely  explain  the  Increased  susceptibility  of  burned 
Individuals  to  bacterial  Infection. 
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This  series  of  experiments  has  been  performed  to  study  the 
alterations  of  the  immune  response  following  severe  thermal 
injury  since  such  alterations  may  play  an  important  role  in  the 
increased  susceptibility  Id  infection  which  follows  burn  injury. 
The  anamnestic  response  to  an  antigenic  stimulus,  in  this  case 
tetanus  toxoid,  was  found  to  be  of  greater  magnitude  in  patients 
with  severe  burns  than  in  normal  individuals;  the  average  titer 
rose  to  a  much  higher  level,  and  the  peak  occurred  four  days 
earlier.  Tetanus  antitoxin  levels  in  two  patients  who  did  not 
receive  a  booster  injection  of  toxoid  tended  to  parallel  their 
gamma  globulin  levels.  In  the  burned  patients  given  a  primary 
antigenic  stimulus,  a  deficient  response  occurred  which  was 
reflected  in  an  inability  to  produce  humoral  antibodies  against 
injected  erythrocytes  from  Cayman  sclerops  and  also  in  a  pro¬ 
longation  of  the  survival  time  of  sMn  homografts  which  were 
allowed  to  remain  in  place  to  the  time  of  rejection. 

Several  studies  in  experimental  animals  were  made  to  obtain 
a  clearer  understanding  of  the  immune  deficit  to  a  primary 
antigenic  stimulus.  It  was  found  that  a  third  degree  burn  in¬ 
volving  20£  of  the  surface  area  of  a  rat  failed  to  produce  a 
significant  Inhibition  in  the  response  to  Injected  human  erythro¬ 
cytes.  When  the  size  of  the  burn  was  increased  to  30X  however, 
a  substantial  inhibition  of  the  production  of  specific  humoral 
antibody  was  found.  The  greatest  inhibition  of  the  immune  re¬ 
sponse  was  seen  when  the  antigen  was  given  one  and  four  days 
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following  thermal  injuries  with  lesser,  but  nevertheless 
significant,  degrees  of  inhibition  of  the  response  seen  when 
the  antigen  was  given  one,  two, and  three  hours  following 
injury.  It  was  found  that  the  production  of  severe  infection 
did  not  create  a  diminished  response  to  the  injection  of 
erythrocytes  in  the  animals  with  20%  burns.  The  site  of  the 
immunologic  lesion  produced  by  thermal  injury  has  not  been 
determined  by  these  studies  and  could  lie  anywhere  from  the 
process  of  phagocytosis  to  the  coding  process  for  antibody 
synthesis. 

The  impairment  of  the  ability  to  produce  specific  anti¬ 
bodies  to  a  primary  antigenic  stimulus  is  felt  to  be  a  signifi 
cant  contributing  factor  tc  the  development  of  septic  com¬ 
plications  in  severely  burned  patients. 


l 


(1)  Burns  (3)  Tetanus 

(2)  Immunity 
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ALTERATIONS  OF  THE  IMMUNE  RESPONSE  FOLLOWING 
SEVERE  THERMAL  INJURY 


Severe  thermal  Injury  results  in  a  susceptibility  to 
infection  which  continues  to  be  the  greatest  single  cause 
of  death  in  those  patients  surviving  the  initial  shock  phase. 
Numerous  conditions  may  contribute  to  this  susceptibility 
such  as  the  presence  of  an  open,  contaminated  wound  which 
serves  as  a  pabulum  for  bacterial  growth,  increased  metabolic 
requirements  with  a  decreased  nutritional  intake,  loss  of 
plasma  proteins  into  the  burned  area,  and  suppression  of  the 
patient's  defense  mechanisms.  The  last  of  these  possibilities 
has  been  the  object  of  several  studies  within  the  past  few 
years,  but  as  yet  the  problems  have  been  incompletely  explored. 

This  investigation  wa»  undertaken  to  delineate  sane  of 
the  alterations  of  the  immune  response  following  severe  thermal 
injury  in  both  patients  and  experimental  animals.  For  this 
purpose,  the  development  of  specific  antibodies  to  both  pri¬ 
mary  and  secondary  antigenic  stimuli  was  studied  in  patients 
who  had  sustained  greater  than  30%  thermal  injuries,  and  the 
response  to  a  primary  antigenic  stimulus  was  studied  in  the 
burned  experimental  animal. 

Materials  and  Methods 


The  patients  used  for  these  studies  were  ali  treated  at 
the  US  Army  Surgical  Research  Unit,  Fort  Sam  Houston,  Texas, 
although  their  initial  therapy  was  usually  given  elsewhere. 

Adult,  male  Sprague-Oawley  rats  were  used  for  all  of  the 
studies  in  Experiments  IV  -  VIII  except  in  Experiment  VII 
where  female  rats  of  the  same  strain  were  used.  The  bacteria 
for  contamination  of  the  burn  wounJj  and  subcutaneous  inocu¬ 
lation  were  prepared  from  a  single  strain  of  Pseudomonas 
aeruginosa  by  incubation  of  an  inoculated  tube  of  trypt lease 
soy  troth  for  18  hours.  Standard  full -thickness  burn  injuries 
were  produced  on  the  backs  of  the  experimental  animals  with 
the  use  of  a  mold  by  ioemrsion  of  the  clipped  area  to  be  burned 
for  10  seconds  in  water  heated  to  100°  C.  This  technic  is 
described  In  detail  elsewhere. 1 

All  agglutination  studies  were  done  with  doubling  or 
tripling  dilutions  of  sera  and  saline  washed  and  suspended 
erythrocytes  from  the  appropriate  species  using  standard  technics. 


Experiment  I.  The  anamnestic  response  to  an  injection  of 
tetanus  toxoi1  d  was  measured  in  23  patients  and  eight  volunteers 
utilizing  the  method  of  quantitative  immunodiffusion  for  tetanus 
antitoxin  levels  described  by  Alexander  and  Monerief.^  AH  of 
the  patients  had  had  a  full  course  of  immunization  with  tetanus 
toxoid  with  the  last  booster  being  given  from  a  period  of  three 
weeks  to  11  years  prior  to  the  time  of  burn  injury  (average 
3.34  years).  Their  average  age  was  29.6  years,  and  the  average 
size  of  their  burn  was  51.4%  with  24.2%  third  degree.  Each 
patient  who  received  tetanus  toxoid  at  our  institution  was  given 
a  single  injection  of  3.5  Lf  (0.5  ml)  subcutaneously.  Approxi¬ 
mately  the  same  dose  was  given  to  patients  first  seen  at  other 
institutions. 

Eight  normal  adult  volunteers,  all  of  whom  had  been  Immunized 
previously  for  tetanus  and  who  had  received  their  last  booster 
injection  of  toxoid  ranging  from  three  months  to  five  years 
previously  (average  2.6  years),  ware  given  a  single  injection  of 
3.5  Lf  of  tetanus  toxoid  subcutaneously.  Their  average  age  was 
28.6  years. 

The  measurement  of  tetanus  antitoxin  levels  was  made  at 
daily  to  biweekly  intervals  following  the  booster  injection, 
and  both  patients  and  control  subjects  were  followed  for  a 
period  of  at  least  20  days  or  until  the  time  of  death,  which 
occurred  sooner  in  four  patients.  Approximately  400  individual 
immunodiffusion  tests  were  used  to  determine  the  tetanus  anti¬ 
toxin  levels  for  both  groups  of  individuals. 

Serial  tetanus  antitoxin  and  gamma  globulin  levels  were 
measured  in  two  additional  Immunized  patients  with  40%  and  18% 
burn  injury  from  whom  the  booster  injection  of  tetanus  toxoid 
was  withheld.  Antitoxin  levels  were  also  measured  in  three 
patients  who  had  received  no  prio-  immunization  but  who  were 
given  3.5  Lf  of  tetanus  toxoid  upon  admission. 

Experiment  II.  The  primary  immune  response  to  alligator 
erythrocytes  was  studied  in  12  patients  and  eight  normal  adult 
volunteers  who  served  as  controls.  Ten  of  the  patients  and  six 
of  the  control  Individuals  received  a  single  injection  of  1.0  ml 
of  a  saline  suspension  of  washed  erythrocytes  from  the  species 
Cayman  sclerops,  and  two  patients  and  two  control  individuals 
received  an  injection  of  1.0  ml  of  a  saline  suspension  of  washed 
erythrocytes  from  the  species  Alligator  mlssissippians.  The 
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patient  and  control  groups  were  run  in  parallel,  and  agglutinin 
titers  were  determined  daily  for  a  period  of  three  weeks  following 
the  injection.  The  patients  receiving  Cayman  cells  had  burn 
injuries  ranging  from  31%  to  65%,  and  the  two  individuals  who 
received  cells  from  A1 1 iqator  mississippians  had  burns  of  30% 
and  /1%,  respectively.  Each  was  given  the  antigen  from  the 
second  to  the  27th  postburn  day,  usually  during  the  first  week 
following  injury. 

Preinjection  samples  showed  that  no  agglutination  occurred 
with  cells  from  either  A1 1 igator  mississippians  or  Cayman 
sclerops,  but  full  strength  sera  from  both  the  patients  and 
the  controls  had  slight  hemolytic  activity  on  the  cells  of 
Alligator  mississippians. 

Experiment  III.  Skin  homografts  with  good  takes  were 
allowed  to  remain  until  rejected  in  five  patients  because  of 
lack  of  available  donor  areas  in  these  individuals.  The  period 
midway  between  the  beginning  of  rejection  and  its  completion 
was  taken  as  the  rejection  time. 

Experiment  IV.  This  experiment  was  performed  to  determine 
whether  or  not  burn  injury,  burn  plus  severe  infection,  or 
severe  acute  infection  by  itself  would  result  in  a  diminution 
of  the  response  to  a  primary  antigenic  stimulus  given  prior  to 
the  injury.  For  this  purpose,  the  experimental  animals  were 
divided  into  four  groups. 

Group  A  had  21  animals  who  served  as  controls.  Three 
animals  were  sacrificed  at  the  time  of  burn  and/or  infection 
in  the  other  groups,  and  three  were  sacrificed  every  other  day 
following  that  time. 

Group  8  had  18  animals  who  received  20%  third  degree  burn 
injuries,  fliree  animals  were  sacrificed  every  other  day  starting 
on  the  second  day  following  the  burn  injury. 

Group  C  had  18  animals  who  received  23%  third  degree 
burns ,  and  thei r  burn  wounds  were  seeded  with  0.1  ml  of  an  18- 
hour  broth  culture  of  a  single  strain  of  Pseudomonas  aeruginosa, 
SRU  12-4-4(59),  approximately  J0B  organisms,  three  animals 
were  sacrificed  every  other  day  beginning  on  the  second  <L/. 

Group  D  had  18  animats  who  were  not  burned,  but  an 
abscess  was  created  in  each  animal  by  the  subcutaneous  inoculation 
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of  an  18-hour  broth  culture  of  Pseudomonas,  SRU  12-4-4(59). 

Six  animals  received  0.5  ml  of  the  culture,  six  received  1.0  ml, 
and  six  1,5  ml.  One  animal  from  each  subgroup  was  sacrificed 
every  other  day  beginning  on  the  second  day. 

All  of  the  animals  were  given  an  antigenic  stimulus  of 
0.5  ml  of  a  two  per  cent  suspension  of  washed  human  0-positive 
erythrocytes  intraperitoneal 1y  six  days  prior  to  the  burn 
and/or  infection.  Equal  volumes  of  sera  from  each  of  the 
three  animals  sacrificed  at  each  interval  from  day  two  through 
12  were  combined  to  determine  an  average  agglutinin  titer  for 
each  group.  All  agglutinations  were  done  with  fresh,  washed 
human  type  0-positive  erythrocytes  from  the  same  person  who 
donated  the  antigen. 

< 

Experiment  V.  This  experiment  was  done  to  determine  the 
response  to  a  primary  antigenic  stimulus  given  one  day  following 
thermal  injury  and/or  infection.  One  day  following  thermal 
injury  and/or  infection,  all  test  animals  in  the  experiment 
were  given  an  intraperitoneal  injection  of  0.5  ml  of  a  two 
per  cent  saline  suspension  of  washed  type  0-positive  human 
erythrocytes.  Three  animals  from  each  group  were  sacrificed 
on  postinjury  day  2,  4,  6,  8,  10,  and  12,  and  equal  quantities 
of  their  sera  were  pooled  and  agglutinin  titers  determined  on 
the  pooled  sera.  Four  equal  groups  of  18  animals  were  studied. 

Group  A.  These  animals  served  as  controls  and  received 
no  thermal  injury  or  infection. 

Group  B.  Animals  within  this  group  received  a  20%  third 
degree  burn  and  were  not  infected. 

Group  C.  These  animals  received  a  burn  similar  to  that 
given  in  Group  B,  but  the  burn  wound  was  contaminated  with  0.1 
ml  of  an  18-hour  broth  culture  of  Pseudomonas,  SRU  12-4-4(59). 

Group  0.  All  animals  received  a  subcutaneous  injection 
of  1.0  ml  an  18-hour  broth  culture  of  Pseudomonas,  SRU  12-4- 
4(59)  which  was  given  at  the  same  time  of  the  burn  injury  in 
Groups  B  and  C. 

Experiment  VI.  This  experiment  was  performed  to  determine 
the  degree  of  difference  in  response  to  a  primary  antigenic 
stimulus  of  0.5  ml  of  a  0.02  per  cent  saline  suspension  of 
human  erythrocytes  four  days  after  20%  third  degree  burn 
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injury  with  and  without  infection. 

Group  A.  Eight  normal  animals  served  as  controls. 

Group  B.  A  20%  third  degree  burn  injury  was  produced  in 
eight  animals .  The  wounds  were  not  contaminated. 

Group  C.  In  eight  animals,  a  20%  third  degree  burn  injury 
was  produced,  and  the  wounds  were  seeded  with  0.1  ml  of  an 
18-hour  broth  culture  of  Pseudomonas,  SRU  12-4-4(59) • 

A  1 .0  ml  sample  of  blood  was  drawn  by  cardiac  puncture 
from  each  of  the  animals  on  the  third,  fifth,  seventh  and 
ninth  days  after  the  antigenic  stimulus  was  administered.  An 
average  of  the  titers  was  obtained,  and  the  groups  were  com¬ 
pared  statistically  by  a  ranking  test. 

Experiment  VII.  This  experiment  was  done  to  determine 
if  a  larger  degree  of  thermal  injury  would  cause  more  signifi¬ 
cant  alterations  of  the  primary  immune  response  than  did  a 
smaller  burn.  All  animals  were  given  an  antigenic  stimulus 
intraperitoneal ly  of  0.5  ml  of  a  0.02  per  cent  saline  sus¬ 
pension  of  human  0-positive  erythrocytes.  A  1 .0  ml  sample 
of  blood  was  drawn  by  cardiac  puncture  for  determination  of 
agglutinin  titers  seven  days  and  14  days  after  administration 
of  the  antigen.  All  test  animals  were  given  a  32%  third 
degree  burn  injury. 

Group  A.  Fifteen  animals  served  as  controls  and  received 
no  injury. 

Group  B.  The  antigenic  stimulus  was  given  24  hours  pri  or 
to  burn  injury  in  seven  animals. 

Group  C.  The  antigenic  stimulus  was  administered  three 
hours  following  thermal  injury  in  seven  animals. 

Group  0.  Seven  animals  received  the  antigen  24  hours 
after  burn  injury. 

Group  E.  The  antigen  was  given  to  seven  animals  four 
days  following  thermal  injury. 

Experiment  VIII.  This  experiment  was  undertaken  to  deter- 
mine  more  clearly  the  time  of  onset  of  the  immune  deficit 
following  thermal  injury.  A  30%  third  degree  burn  was  inflicted 


upon  each  of  the  animals  in  the  test  groups.  All  of  the  animals, 
including  the  controls,  were  given  an  antigenic  stimulus  of 
0.5  ml  of  a  0.02  per  cent  saline  suspension  of  human  0-positive 
erythrocytes  which  were  given  intraperi toneal 1y.  A  1 .0  ml 
sample  of  blood  was  drawn  by  cardiac  puncture  on  the  7th,  14th, 
and  21st  days  following  the  administration  of  the  antigen. 

Group  A.  Ten  animals  served  as  controls  with  no  thermal 
injury. 

Group  B.  The  antigen  was  given  one  hour  following  burn 
injury  "n  each  of  10  animals. 

Group  C.  Ten  animals  received  the  antigen  two  hours 
fol  low  Trig  burn. 

Group  0.  Five  animals  were  given  the  antigenic  stimulus 
three  hours  following  burn  injury. 

Results 


Experiment  I.  (The  anamnestic  response  to  tetanus  toxoid 
in  burned  patients)!  Four  of  the  23  patients  known  to  nave 
had  previous  active  immunization  with  tetanus  toxoid  failed 
to  live  for  as  long  as  one  week,  but  two  of  than  had  obtained 
measurable  titers  by  the  fourth  and  sixth  postburn  days,  re¬ 
spectively.  The  other  two  failed  to  develop  titers  greater 
than  0.5  unit  per  milliliter  at  the  time  of  death  on  their 
fifth  postburn  day.  Of  the  remaining  19  patients,  18  developed 
titers  which  measured  8  units  per  milliliter  to  greater  than 
128  units  per  milliliter  at  their  highest  level.  Patients 
with  measurable  titers  who  were  studied  early  in  their  course 
had  a  drop  in  the  circulating  titer  of  tetanus  antitoxin  during 
the  first  to  the  fifth  postburn  day  concomitant  with  a  decrease 
in  total  circulating  gamma  globulin.  There  was  a  rise  in  titer 
beginning  between  the  fourth  and  fifth  postburn  days  which  rose 
to  an  average  height  cf  68  units  per  milliliter  12  days  after 
the  injection  of  toxoid.  Seven  of  the  patients  attained  a  titer 
of  128  units  per  milliliter  of  greater.  One  patient  did  not 
develop  a  measurable  titer  of  greater  than  0.5  unit  per  milli¬ 
liter*  It  was  doubtful,  however,  that  this  individual  had 
recafved  a  booster  injection  of  tetanus  toxoid,  and  it  had 
been  at  least  five  years  since  he  had  received  his  last  known 
booster  injection.  He  died  from  a  septicemia  on  his  54th 
postburn  day*  None  of  the  three  patients  who  had  no  prior 


immunization  developed  a  titer  of  greater  than  0,5  unit  per 
milliliter  during  the  20-day  period  of  observation. 

Of  the  eight  normal  controls,  seven  developed  measurable 
titers  of  tetanus  antitoxin  using  the  technic  of  immunodiffusion 
during  the  20-day  period  of  observation.  The  onset  of  rise  in 
titer  was  between  the  second  and  ninth  day  following  the  booster 
injection,  generally  proportioned  to  the  period  of  time  since 
the  last  booster.  The  average  titsr,  16  units  per  milliliter 
(range  eight  to  32  units  per  milliliter),  reached  a  peak  on 
the  1 6th  day  following  the  booster  injection.  The  normal  con¬ 
trol  who  failed  to  produce  a  measurable  precipitating  antibody 
of  greater  than  0.5  unit  per  milliliter  by  the  immunodiffusion 
test  was  shown  to  have  a  titer  of  four  units  per  milliliter  14 
days  after  the  administration  of  toxoid  when  assay  was  done  by 
mouse  protection  test.  Spot  checks  of  several  other  serum  samples 
from  both  burned  and  control  individuals  showed  excellent  corre¬ 
lation  between  imnunodiffusion  and  mouse  protection  tests.2  It 
appears  that  this  individual  responded  with  a  different  type  of 
antibody  than  did  the  others  for  reasons  which  are  as  yet  un¬ 
clear.  The  average  titers  of  both  burned  patients  and  the  normal 
controls  are  shown  in  Figure  1. 

Two  individuals  who  had  received  their  last  booster  shot 
of  tetanus  toxoid  four  months  and  nine  months  prior  to  burn 
injury  received  no  toxoid  following  the  burn  injury.  Tetanus 
antitoxin  and  gamma  globulin  levels  were  followed  for  three 
and  four  weeks,  respectively,  to  determine  their  relative 
change  during  this  period.  The  results,  which  are  shown  in 
Figure  2,  show  that  the  change  in  specific  tetanus  antitoxin 
titer  tended  to  parallel  the  change  in  total  circulating  gamma 
globulin. 

The  findings  in  this  e>f>eriment  indicate  that  patients  with 
severe  thermal  injury  respond  to  an  anamnestic  stimulus  to  a 
much  greater  degree  than  do  normal  individuals  since  the  average 
titer  of  tetanus  antitoxin  in  the  burned  patients  rose  to  a  much 
higher  level,  and  the  peak  of  the  titer  occurred  at  an  earlier 
time  than  in  the  normal  controls. 

Experiment  II.  (The  primary  Immune  response  to  alligator 
erythrocytes  in  burned  patients).  None  of  the  patients  who 
were  given  an  injection  of  Cayman  cells  developed  a  measurable 
agglutinin  titer  during  the  three -week  period  of  observation. 

On  the  other  hand,  each  of  the  normal  control  individual 3 
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Figure  !•  Anamnestic  response  to  tetanus  toxoid  in 
burned  patients  and  normal  controls. 
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Figure  2.  Tetanus  antitoxin  and  gamma  globulin  levels 
In  two  patients  to  whom  no  tetanus  booster  was  given. 


developed  measurable  agglutinin  titers  which  were  first  detect¬ 
able  between  the  sixth  and  the  12t'  day  after  injection.  These 
rose  to  a  high  of  1s6  to  1:24. 

The  two  patients  who  were  given  erythrocytes  from  Alligator 
mississippians  also  developed  measurable  agglutinin  titers  for 
the  first  time  on  the  12th  and  13th  day  after  injection,  each 
of  which  rose  to  a  high  of  1:8.  The  two  normal  controls,  who 
were  run  in  parallel,  first  developed  measurable  titers  on  the 
11th  and  12th  days  following  injection  which  rose  to  a  high  of 
1:12  and  1:16. 

The  results  of  this  experiment  indicate  that  individuals 
with  severe  thermal  injuries  have  a  deficit  in  the  ability  to 
produce  humoral  antibodies  to  a  primary  antigenic  stimulus,  in 
this  case  alligator  erythrocytes. 

Experiment  III.  ( Measurement  of  homograft  survival  in  patients) . 
The  sex,  age,  size  of  burn,  and  length  of  homograft  survival  for 
the  five  patients  studied  are  as  follows: 

1.  Male,  age  14,  total  burn  61%  with  48%  third  degree; 
homograft  survived  four  and  one-half  months. 

2.  Male,  age  9,  57%  burn  with  33%  third  degree*  homo¬ 
graft  survived  seven  weeks. 

3.  Male,  age  51,  38%  burn  with  30%  third  degree;  homo¬ 
graft  survived  four  weeks. 

4.  Female,  age  16,  55%  burn  injury  with  5%  third  degree; 
homograft  survived  three  weeks. 

5.  Female,  age  5,  58%  burn  Injury  with  29*5%  third 
degree;  homograft  survived  three  weeks. 

These  represent  prolonged  hcmograft  survival  times  in  each 
case. 

Experiment  IV.  (Primary  iamune  response  In  rats  with  20% 
burn  aral/or  infection." ""Antigen  given  six  days  prior  to  Injury). 

The  titers  o^  the  combined  sera  tor  each  group  of  animals  are 
shown  In  Figure  3.  Three  animals  in  the  burn-infected  group 
Hied  (Group  C)  as  did  one  in  the  Infected  only  group  (Group  0). 
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Figure  3.  Primary  Immune  response  In  rats  with  20% 
third  degree  burn  and/or  Infection.  Antigen  given  six  days 
prior  to  Injury. 


The  last  determination  for  the  infected  only  group  (Group  D) , 
therefore, contains  only  two  animals,  and  no  determination  could 
be  made  at  12  days  after  burn  for  the  burn-infected  group 
(Group  C) .  It  is  readily  apparent  that  there  was  no  significant 
difference  among  any  of  the  groups.  The  burn-infected  and  in¬ 
fected  only  groups  (Groups  C  and  D)  did  show  an  initial  drop 
in  titer  which  was  probably  concomitant  with  a  decrease  in  the 
total  circulating  gamma  globulin  on  the  second  day  following 
burn  injury  and/or  the  introduction  of  a  Pseudomonas  abscess. 

Experiment  V.  (Primary  immune  response  in  rats  with  20% 
burn  and/or  infection.  Antigen  given  one  day  following  injury) . 
The  titers  are  shown  Tn  Figure  4,  with  each  point  representing 
a  mean  of  three  animals  with  the  exception  of  the  last  point 
recorded  for  Group  0,  which  represents  only  two  animals.  Four 
animals  in  Group  D  died  before  the  experiment's  termination.lt 
is  apparent  from  the  graph  that  no  significant  difference  in 
the  titers  of  anti-hurntn  erythrocyte  antibody  occurred  among 
the  four  groups  when  tne  antigen  was  administered  24  hours 
following  thermal  injury  with  or  without  infection  in  animals 
with  a  20%  third  degree  burn,  nor  was  a  difference  apparent 
in  those  animals  with  a  severe  abscess  caused  by  Pseudomonas 
aeruginosa. 

Experiment  VI.  (Primary  immune  response  in  rats  with  20% 
bu rn  with  and  without  infection. Antigen  q(ven  ^our  days 
ToTT  owing  burn  injury).  The  average  of  the  individual  titers 
taken  for  each  group  in  this  experiment  is  depicted  graphically 
in  Figure  5*  All  of  the  control  animals  lived  to  the  termina¬ 
tion  of  the  experiment,  but  a  number  of  animals  in  both  the 
burn  and  the  burn -inf acted  group  died  pricy  to  the  termination 
of  the  experiment.  The  numbers  of  remaining  animals  upon  which 
titers  were  done  are  shown  in  parentheses  in  the  graph.  Although 
there  is  some  apparent  difference  in  the  average  titer  among 
these  three  groups,  when  “  comparison  of  means  was  done  by 
ranking,  the  difference  was  insignificant  (p  >0.05).  This 
experiment  suggests  that  there  may  be  a  diminished  response  to 
a  primary  antigenic  stimulus  under  the  chosen  experimental 
conditions,  but  the  esults  are  by  no  means  conclusive. 

Experiment  VII.  (Primary  Immune  response  in  rats  with 
32%  tmrd  deg  ree  burn.  Antigen  given  at  various  ^nterveis 
before  and  after  burn) .  The  averages  of  the  individual 
tuers  are  shown  graphically  in  Figure  6.  The  number  of  sur¬ 
viving  animals  in  each  group  is  shown  in  parentheses  for  each 
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Figure  4.  Primary  immune  response  in  rats  with  29% 
third  degree  burn  and/or  infection.  Antigen  given  one  day 
following  injury. 


18-14 


DAYS  POSTBURN 


Figure  5 •  Primary  immune  response  in  rats  with  20% 
third  degree  burn  with  and  without  infection.  Antigen  given 
four  days  following  injury.  The  numbers  of  surviving  animals 
are  shown  in  parentheses. 
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Figure  6.  Primary  immune  response  in  rats  with  32%  third 
degree  burn.  Antigen  given  at  intervals  indicated.  The  numbers 
of  surviving  animals  are  shown  in  parentheses. 
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series  of  determinations.  When  the  antigen  was  administered 
24  hours  before  the  burn  injury  (Group  B),  there  was  no 
significant  difference  from  the  control  animals.  There  is  a 
difference,  however,  in  the  remaining  three  groups,  with  the 
most  striking  inhibitions  of  the  primary  response  being  seen 
when  the  antigen  was  given  24  hours  and  four  days  following 
thermal  injury.  The  average  titer  in  Group  IV  was  significantly 
different  from  the  controls  (p  =  0.01).  The  small  number  of 
survivors  in  the  other  groups  did  not  permit  accurate  statis¬ 
tical  evaluation, but  again  there  is  an  apparent  difference. 

It  was  concluded  that  this  larger  thermal  injury  produced 
a  significant  deficiency  in  the  response  to  a  primary  antigenic 
stimulus  when  it  was  administered  following  thermal  injury. 

No  deficit  occurred  when  the  antigen  was  given  prior  to  thermal 
i  n  j  u  ry . 

Experiment  VIII.  (Primary  immune  response  in  rats  with  30% 
third  degree  bu^nT"  Antigen  qfven  one,  two,  and  three  hours 
after  burn) .  Figure  7  shows  graphically  the  average  of  the 
individual  titers  for  each  of  the  four  groups  in  this  experi¬ 
ment.  The  number  of  surviving  animals  in  each  group  is  given 
in  parentheses  at  each  point,  and  the  probability  of  the  de¬ 
ference  between  the  test  group  and  control  group  is  given  for 
each  point.  From  these  data,  it  is  apparent  that  a  thermal 
injury  of  30%  third  degree  burn  produced  a  measurable  and 
significant  deficit  in  the  immune  response  to  an  antigen  ad¬ 
ministered  one  or  two  hours  following  the  burn.  This  deficit 
was  of  even  greater  magnitude  when  the  antigen  was  adninistered 
three  hours  following  injury.  It  was  thus  concluded  that  the 
deficit  in  the  imnune  response  following  thermal  injury  becomes 
more  pronounced  as  tr.e  interval  following  injury  increases. 

Discussion 


A  number  of  independent  variables  may  contribute  to  the 
increased  susceptibility  to  infection  that  occurs  in  patients 
who  have  received  severe  thermal  injury.  Probably  the  most 
important  of  these  is  an  increase  in  the  opportunity  for 
bacterial  colonization  of  the  burn  wound  itself,  which  favor¬ 
ably  supports  bacterial  growth.  Of  almost  equal  importance  is 
the  lack  of  ability  of  the  patient  to  combat  invasive  infection 
once  colonization  has  occurred.  It  has  been  shown  by  liedberg* 
and  by  McRipley  and  Garrison4*  that  thermal  injury  markedly  in¬ 
creases  the  susceptibility  to  infection  and  that  there  is  a 
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decreased  clearance  of  organisms  from  the  blood  stream  pf  burned 
experimental  animals.  Balch'  and  McRipley  and  Garrison4*  have 
shown  that  the  nonspecific  bactericidal  effect  of  the  plasma 
and  serum  of  clinical  patients  and  experimental  animals  does 
not  contribute  to  this  susceptibility  since  it  is  increased  for 
a  short  period  following  thermal  injury  and  later  returns  to 
normal  values. 


The  ability  of  the  host  to  produce  specific  antibodies  has 
been  poorly  studied  even  though  active  immunity  to  certain 
bacteria  has  been  shown  tc  prevent  progressive  invasion  of  the 
wounds  in  experimental .animals.  A  number  of  investigators, 
such  as  Jones,  et  al.,°  have  shown  that  there  is  an  increase 
of  the  antibody  titer  to  bacteria  which  colonize  the  burn  wound, 
such  as  Staphylococcus  aureus  and  Pseudomonas  aeruginosa^  in 
surviving  Iburned  patients.  Magovern  and  Harrison/  studied  the 
inmune  response  to  labeled  gatima  globulin  in  rabbits  wi  Lh 
third  degree  hot  water  burns  of  15%  to  20%,  They  found  that 
there  was  a  slight  prolongation  of  the  time  for  the  beginning 
of  antibody  formation  in  burned  animals  and  that  there  was  a 
slight  decrease  in  the  rate  of  degradation  of  the  circulating 
antigen.  Their  findings  were  inconclusive,  however,  and  they 
felt  there  was  no  significant  difference  between  the  experi¬ 
mental  and  control  groups. 


The  experimental  studies  presented  herein  demonstrate  that 
several  significant  alterations  of  the  immune  response  occur 
following  thermal  injury.  In  Expe  iment  I,  it  was  demonstrated 
that  the  anamnestic  response  to  a  bcoster  injection  of  tetanus 
toxoid  in  patients  who  had  been  irmunized  previously  was  far 
in  excess  of  the  response  seen  in  the  normal  individual.  The 
responses  seen  in  our  controls  were  similar  to  the  values  re¬ 
ported  by  Goldsmith,  et  aU,  and  King,  et  aK,*  The  difference 
in  response  is  highly  significant,  and  tfiere  is  little  question 
that  not  only  is  there  no  impairment  of  the  response  to  a  secon¬ 
dary  antigenic  stimulus  in  severely  burned  patients,  but  there 
is  actually  an  increased  production  of  specific  antibody.  On 
the  other  hand,  when  many  of  the  same  patients  were  given  an 
antigenic  stimulus  with  which  they  had  had  no  previous  experience, 
a  marked  deficit  in  the  production  of  hunoral  antibodies  was 
found.  None  of  the  10  patients  injected  with  Cayman  sclerops 
erythrocytes  developed  detectable  antibodies  whereas  aT  i  of 
six  controls  did  so.  This  represents  a  highly  significant  dif¬ 
ference  between  the  two  groups.  The  erythrocytes  of  Cayman 
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sclerops  were  selected  as  the  primary  antigen  to  avoid  anti- 
genic  materials  with  which  humans  may  have  had  previous  ex¬ 
perience,  such  as  the  bacterial  antigens.  It  is  also  quite 
unlikely  that  individuals  who  received  the  antigen  will  be 
exposed  to  it  again,  thus  avoiding  hypersensitivity  reactions. 

In  Experiment  III,  homograft  survival  was  found  to  be  prolonged 
in  five  patients,  indicating  that  not  only  humoral  but  cellular 
antibody  formation  was  depressed  to  a  primary  antigenic  stimulus. 
This  was  not  an  unexpected  finding  inasmuch  as  Kay'®  reported 
one  patient  that  retained  a  homograft  from  a  related  individual 
for  an  eight-month  period;  and  Rapaport,  et  a]_.,'^  in  an  experi¬ 
mental  study  in  rats  with  30%  third  degree  burns,  found  a  pro¬ 
longation  of  survival  time  of  homografts  placed  in  unburned 
~reas.  No  controls  were  done  for  the  patients  in  our  series, 
bit  homograft  survival  was  longer  than  in  persons  who  have  been 
.  died  by  other  investigators.  Gardner  and  Preston, in  1962, 
repc  ted  that  the  survival  of  small  homografts  in  18  normal 
ii  •Hviduals  ranged  from  8  to  25  days  with  a  mean  of  12.4  days; 
ena  jraham  and  Peterson$J3  1963,  reported  that  only  l-  of 
110  untreated  patients  with  cervical  cancer  had  survival  of 
skin  iiomoorafts  for  longer  than  two  weeks. 

Our  studies  in  experimental  animals  indicate  that  the  degree 
of  inhibition  of  the  primary  immune  response  somewhat  parallels 
the  degree  of  thermal  injury  inasmuch  as  rats  receiving  a  20% 
third  degree  burn  showed  only  a  slight  inhibition  of  the  primary 
immune  response,  while  the  inhibition  in  rats  with  a  30%  third 
degree  burn  was  much  more  striking.  The  studies  also  indicate 
that  the  degree  of  inhibition  of  the  primary  immune  response  is 
somewhat  dependent  upon  the  temporal  relationship  at  which  the 
antigen  is  given  following  the  thermal  injury.  A  progressive 
inhibition  of  the  response  was  seen  as  the  interval  between 
burn  injury  and  antigen  a<to»ini stration  increased.  No  inhibition 
of  the  immune  , esponse  was  found  when  antigenic  material  was 
administered  prior  to  the  thermal  injury.  The  complication  of 
a  severe,  ultimately  lethal  infection  with  a  gram  negative 
organism  in  Experiments  IV,  V,  and  VI  did  not  significantly 
inhibit  the  response  to  an  unrelated  primary  antigenic  stimulus. 
These  studies  show  that  once  antigenic  information  is  assimi¬ 
lated,  the  production  of  humoral  antibodies  is  not  impaired* 

The  decreased  titers  in  all  of  the  experimental  groups  of 
Experiment  VII  were  felt  to  be  related  to  the  fact  that  female 
animals  were  used  rather  than  male  animals  and  that  the  cells 
used  for  injection  were  somewhat  older  than  those  used  In  the 
other  experiments. 


18-20 


The  immune  deficit  to  a  primary  antigenic  stimulus  following 
thermal  injury  is  not  likely  to  be  on  the  basis  of  a  nutritional 
deficiency  since  the  patients  and  experimental  animals  were 
not  malnourished  when  studied;  and,  furthermore,  malnutrition 
and  protein  deficiency,  unless  extremely  severe,  have  been 
found  to  be  of  only  slight  importance  in  the  response  to  a 
primary  antigenic  stimulus  in  both  experimental  animals^  and 
man. ^5, 16  The  assimilation  of  material  from  particulate  anti¬ 
gens,  such  as  erythrocytes,  may  be  somewhat  inhibited  inasmuch 
as  it  has  been  shown  experimentally  by  McRipley  and  Garrison** 
that  phagocytosis  of  bacteria  was  decreased  in  certain  organs 
following  30%  total  body  surface  burns  in  rats,  although  this 
was  not  so  with  other  organs.  The  poor  response  to  a  primary 
stimulus  may  be  related  to  the  phenomenon  of  competition  of 
antigens, but  it  is  difficult  to  believe  that  this  occurs  so 
quickly  following  burn  injury,  and,  if  such  were  the  case,  a 
greater  difference  should  be  seen  in  those  animals  who  had  both 
burn  and  infection.  A  block  in  the  coding  process  for  antibody 
synthesis  within  the  immune  competent  cells  could  undoubtedly 
be  contributory.  The  finding  that  no  deficit  in  the  production 
of  antibody  occurred  when  the  antigen  was  given  24  hours  before 
burn  indicates  that  the  immunologic  lesion  did  not  appear  once 
antigenic  information  had  been  assimilated. 

Summary  and  Conclusions 

This  series  of  experiments  has  been  performed  to  study  the 
alterations  of  the  immune  response  following  severe  thermal 
injury  since  such  alterations  may  play  an  important  role  in  the 
increased  susceptibility  to  infection  which  follows  burn  in¬ 
jury.  The  anamnestic  response  to  an  antigenic  stimulus,  in 
this  case  tetanus  toxoid,  was  found  to  be  of  greater  magnitude 
in  patients  with  severe  burns  than  in  normal  individuals!  the 
average  titer  rose  to  a  much  higher  level,  and  the  peak  occurred 
four  days  earlier.  Tetanus  antitoxin  levels  in  two  patients 
who  did  not  receive  a  booster  injection  of  toxoid  tended  to 
parallel  their  gamma  globulin  levels.  In  the  burned  patients 
given  a  primary  antigenic  stimulus,  a  deficient  response 
occurred  which  was  reflected  in  an  inability  to  produce  humoral 
antibodies  against  injected  erythrocytes  from  Cayman  sclerops 
and  also  in  a  prolongation  of  the  survival  time  of  skin  homo- 
grafts  which  re  allowed  to  renaln  in  place  to  the  time  of 
rejection. 


Several  studies  in  experimental  animals  were  made  to  obtain 
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a  clearer  understanding  of  the  irnmune  deficit  to  a  primary 
antigenic  stimulus.  It  was  found  that  a  third  degree  burn 
involving  20%  of  the  surface  area  of  a  rat  failed  to  produce 
a  significant  inhibition  in  the  response  to  injected  human 
erythrocytes.  When  the  size  of  the  burn  was  increased  to 
30%,  however,  a  substantial  inhibition  of  the  production  of 
specific  humoral  antibody  was  found.  The  greatest  inhibition 
of  the  immune  response  was  seen  when  the  antigen  was  given 
one  and  four  days  following  thermal  injuries  with  lesser, 
but  nevertheless  significant,  degrees  of  inhibition  of  the 
response  seen  when  the  antigen  was  given  one,  two,  and  three 
hours  following  injury.  It  was  found  that  the  production  of 
severe  infection  did  not  create  a  diminished  response  to  the 
injection  of  erythrocytes  in  the  animals  with  20%  burns.  The 
site  of  the  immunologic  lesion  produced  by  thermal  injury  has 
not  been  determined  by  these  studies  and  could  lie  anywhere 
from  the  process  of  phagocytosis  to  the  coding  process  for 
antibody  synthesis. 

The  impairment  of  the  ability  to  produce  specific  anti¬ 
bodies  to  a  primary  antigenic  stimulus  is  felt  to  be  a  signifi¬ 
cant  contributing  factor  to  the  development  of  septic  compli¬ 
cations  in  severely  burned  patients. 
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A  new  test  for  the  semi -quantitative  measurement  of  tetanus 
antitoxin  levels  is  described  which  utilizes  a  micro-technic  of 
double-diffusion  in  agar  gel.  This  method  was  designed  to  pro¬ 
vide  a  reliable  but  inexpensive  method  for  the  estimation  of 
antitoxin  levels  in  large  numbers  of  individual  sera.  The 
quantitative  gel -diffusion  technic  for  measurement  of  tetanus 
antitoxin  levels  is  felt  to  supplement  the  in  vivo  assays  by 
mouse  protection  and  the  i_n  vi tro  passive  hemagglutination 
technics.  The  latter  tests  are  quite  sensitive  for  low  levels 
of  tetanus  antitoxin  which  cannot  be  measured  by  gel -diffusion, 
but  are  less  reliable  for  measurements  of  higher  concentrations. 

Perhaps  of  greater  importance,  the  gel -diffusion  test  can 
be  used  to  determine  the  prior  immune  status  of  individuals 
against  tetanus  by  measurement  of  the  antitoxin  level  two  weeks 
after  a  single  injection  of  toxoid.  If  less  than  one-half  unit 
per  milliliter  is  obtained  at  that  time,  the  patient  may  ba 
considered  to  have  received  either  inadequate  or  no  prior  tetanus 
immunization.  Falsely  positive  precipitin  bands  have  not  been 
obtained  thus  far  in  individuals  without  prior  irrmuni zation. 


(1)  Tetanus 

(2)  Immunity 


(3)  Burns 
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USE  OF  A  SIMPLE  DOUBLE -DIFFUSION  TECHNIC  IN  AGAR  GEL  FOR  THE 
QUANTITATION  OF  TETANUS  ANTITOXIN  LEVELS 


Severe  and  often  fatal  illness  from  acute  clinical  tetanus 
continues  to  be  a  recurring  problem  in  almost  every  major 
medical  center  despite  the  effectiveness  of  active  immunization 
for  tetanus  and  its  rather  widespread  application.  Surveys  by 
Levine  and  Wyman7*8  indicate  that  immunity  of  the  population  in 
widely  scattered  areas  is  generally  increasing,  but  nonimrounity 
continues  in  certain  populations,  particularly  in  women  over 
the  age  of  20  and  men  without  prior  military  service.  Even 
among  those  young  and  middle-aged  adults  who  have  had  prior  im¬ 
munization,  it  is  often  difficult  to  establish  the  fact  because 
of  lack  of  information  from  the  patient  or  lack  of  adequate 
clinical  records.  All  too  frequently,  young  adults  requiring 
hospitalization  for  traumatic  injury  or  burns  are  unable  to 
furnish  information  concerning  prior  tetanus  irmunizafion  as  a 
youngster.  Only  persons  having  had  prior  military  service  can 
be  considered  to  have  received  adequate  tetanus  inmunization  in 
the  absence  of  clinical  records. 

The  use  of  homologous  tetanus  antitoxin  has  proved  to  be 
safer  by  far  than  the  administration  of  heterologous  antitoxin, 
and  allergic  reactions  are  indeed  infrequent.  Because  of  the 
expense  and  limited  availability,  however,  administration  of 
homologous  antitoxin  is  unwarranted  in  those  cases  in  which 
patients  have  had  prior  immunization,  especially  since  pro¬ 
tective  levels  of  antitoxin  are  elicited  by  for  as  long 

as  19  -  21  years  after  primary  immunization.1*'®*’®  A  simple 
but  satisfactory  in  vitro  test  for  the  determination  of  prior 
immunizati-jn  woulcT be  Helpful  in  those  cases  where  continued 
tetanus  prophylaxis  is  indicated.  In  vivo  tests  and  in  vitro 
passive  hemagglutination  tests,1  *9  wKlTe”accurate,  areHboii'R 
expensive  and  complicated  for  this  purpose. 

This  report  deals  with  an  inexpensive  iin  vitro  method  using 
double-diffusion  in  agar  gel  for  estimating  specific  levels  of 
tetanus  antitoxin.  Its  simplicity  and  low  cost  would  allow  its 
performance  in  most  clinical  laboratories.  Serum  antitoxin 
levels  of  0.5  unit  per  milliliter  or  greater  may  be  measured 
with  reasonable  accuracy  using  this  technic.  It  has  also  been 
found  to  be  particularly  useful  in  following  the  secondary 
(anamnestic)  response  to  tetanus  toxoid  in  human  patients. 
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Materials  and  Methods 


The  gel -diffusion  reactions  were  accomplished  in  one 
per  cent  agar  gel  with  the  aid  of  a  plexiglass  template  on 
a  microscope  slide.  Pre-cleaned  1  x  4-inch  glass  microscope 
slides  were  coated  on  one  side  with  a  thin  layer  of  0.25  per 
cent  agar,  which  was  allowed  to  dry  into  a  hard  film.  Two 
layers  of  plastic  tape  (Sears,  all-purpose  plastic  tape, 

34-5995)  were  placed  approximately  three-quarters  of  an  inch 
apart  on  the  top  of  the  slide  so  that  a  one-inch  by  one-inch 
plexiglass  template  could  be  bridged  across  the  doubled  layers 
of  tape.  This  resulted  in  a  satisfactorily  uniform  depth 
between  the  bottom  of  the  template  and  the  microscope  slide. 

The  template  consisted  of  a  one  by  one  inch  square  of  clear 
plexiglass,  3/32  of  an  inch  in  thickness,  with  a  central 
well  3/16  inch  in  diameter.  Eight  peripheral  wells  1/16  inch 
in  diameter  were  placed  circumferentially  around  the  center 
well  at  a  radius  of  one-fourth  inch  center  to  center.  These 
templates  were  placed  upon  the  slide,  and  the  area  between  the 
template  and  microscope  slide  wss  filled  with  molten,  one 
per  cent,  laboratory  grade  agar  (Bacto-agar)  which  ad  been 
freshly  dissolved  in  barbital  buffer.  The  barbital  buffer, 
which  had  a  pH  of  7.4  and  an  ionicity  of  0,15,  was  prepared 
by  dissolving  6.0  gm  sodium  chloride,  6.98  gm  sodium  barbital, 
and  22,7  ml  1  .0  normal  hydrochloric  acid  in  deionized  water 
q.s.  to  1000  ml.  The  agar  on  the  slide  was  allowed  to  solidify 
at  room  temperature  in  a  petri  dish  which  was  humidified  by 
the  addition  of  a  water-saturated  sponge  (Fig.  1).  A  commercial 
tetanus  toxoid  containing  7#5  If  toxoid  per  milliliter  (Lederle 
Laboratories,  Lot  No.  032-579)  was  diluted  1:10  in  normal 
saline  and  used  for  the  antigen  in  each  case.  This  was  u*ed 
to  fill  the  center  well.  Undiluted  serum  to  be  tested  was 
placed  in  the  first  peripheral  well,  with  serial  two-fold 
dilutions  being  placed  in  subsequent  peripheral  wells.  Approxi¬ 
mately  0.0047  ml  of  material  filled  each  of  the  peripheral 
wells,  and  0.042  ml  filled  the  center  well,  eac*.  c  ■ . filled 
to  capacity  with  a  flat  meniscus. 

The  gel-diffusion  slides  were  placed  in  individual  petri 
dishes  wrapped  with  a  plastic  film  in  groups  of  five  or  six, 
and  placed  in  the  refrigerator  at  4°  C  for  72  to  96  hours. 

It  was  necessary  to  encase  the  diffusion  tests  to  insure  proper 
humidification  and  prevent  drying  of  the  agar  during  this 
period  of  incubation.  A  tumidity  oox  would  serve  equally 
satisfactorily.  After  'icubation,  the  plexiglass  templates 


Figure  1.  Preparation  of  slides  for  diffusion. 

A.  Molten  agar  is  introduced  through  the  center  well  into 
the  space  beneath  the  template. 
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Figure  1*  Preparation  of  slides  for  diffusion. 

B,  After  the  agar  has  gelled  firmly,  the  reactants  are 
placed  Into  the  wells.  Care  must  be  taken  to  avoid  the 
formation  of  bubbles  in  the  wells. 
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cjuld  be  lifted  easily  from  the  cold  agar  by  elevating  one 
corner  with  a  sharp  in: trument.  The  plastic  tapes  were  then 
removed,  and  the  agar  washed  in  the  petri  di-thes.  To  remove 
uncorr.plexed  proteins,  the  slides  were  flooded  with  barbital 
buffer,  pH  7.4,  ionic  strength  0.'5>  for  24  hours  with  a 
change  of  suffer  after  the  first  two  hours.  Two  per  cent 
acetic  acid  was  used  for  10  mi  jtes  for  fixation,  and  the  slides 
were  stained  for  10  minutes  with  one  per  cent  Thiof lavine-S 
in  distilled  water.  Differentiation  was  accomplished  by  two 
10-minute  washes  with  two  per  cent  acetic  acid*  The  antigen- 
antibody  precipitin  bands  could  be  seen  easily  by  visualization 
of  the  slides  by  indirect  lighting  from  the  bottom.  Records 
may  be  made  photographically  or  the  slides  preserved  simply 
by  drying  at  room  temperature.  The  end  point  was  considered  to 
be  the  highest  *erum  dilution  at  which  a  definite  precipitin 
band  could  be  visualised.  This  technic  was  essentially  a 
modification  of  that  described  by  Crowte2  for  the  ouantitative 
measurement  of  specific  antibody.  It  has  been  found  to  be 
accurate  and  duplicable  when  properly  performed. 

All  of  the  tests  on  clinical  patients  were  done  on  sera 
from  28  patients  sustaining  30%  or  larger  total  body  burns, 
who  were  admitted  to  the  US  Army  Surgical  Research  Unit, 

Brooke  Army  Kedical  Center,  Fort  Sam  Houston,  Texas.  In  addi¬ 
tion,  eight  normal  individuals  having  had  prior  tetanus 
imiHjni zation  were  used  for  controls.  Twenty-five  of  the 
burned  patients  had  known  prior  immunization.  There  were 
two  patients  who  had  no  prior  tetanus  immunization  and  one 
patient  in  whom  the  status  of  inmunizat«r>  was  unknown.  A 
booster  shot  of  tetanus  toxoid  (3.75  If)  was  given  to  the 
eight  normal  controls  and  to  25  of  the  patients,  either  upon 
their  admission  to  the  Surgical  Research  Unit  or  shortly  after 
the  time  of  the'r  burn.  In  one  patient  witt  prior  immunization 
<t  could  not  oe  determined  whether  or  not  a  booster  injection 
im  tetanus  toxoid  had  been  given,  and  in  two  other  patients 
v.hu  booster  injection  was  purposely  withheld  to  follow  specific 
antibody  tKers  following  the  burn  injury.  Sera  for  titers 
were  drawn  at  daily  to  biweekly  intervals.  A  standard  serum 
was  run  as  a  control  with  eacn  o*  approximately  20  sets  of 
tests,  each  set  averaging  20  indi.idual  diffusion  tests.  This 
serum  contained  approximately  Tour  ur*ts  of  antitoxin  per 
milliliter  and  produced  the  last  precipitin  b?nd  at  a  dilution 
o\  1:8  'Fig.  2).  There  was  no  ’  ariation  in  the  location  of  the 
last  *c1pitin  band  in  ary  of  the  controls  when  a  technically 
satisfactory  diffusion  was  accomplished. 


Figure  2.  Photographs  of  two  diffusion  tests. 

A.  The  lest  visible  bend  is  :?een  at  well  Nr.  4  which  con¬ 
tains  a  serum  dilution  of  ls8.  This  is  the  standard  anti¬ 
serum  used  with  each  set  of  tests  and  contains  four  units 
of  tetanus  antitoxin  per  milliliter.  Note  the  three  pre¬ 
cipitin  lines  at  well  Nr.l.  The  lighter  bands  blend  with 
the  heavier  one  as  the  serum  is  diluted.  The  ring  cf  pre¬ 
cipitated  lipoprotein  around  well  Nr.  1  is  sometimes  seen 
with  undiluted  sera  and  should  not  be  confused  with  specif i 
anti  gen -anti body  complexes. 
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Figure  2.  Photographs  of  two  diffusion  tests. 

B.  The  lest  visible  precipitin  bend  is  seen  at  well  Nr.  5 
which  contains  e  serves  dilution  of  U64,  The  serves  thus 
contains  approximately  32  units  of  tetanus  antitoxin  per 
milliliter. 
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Five  antisera  with  titers  determined  by  mouse  protection 
tests  were  obtained  from  Parke,  Davis  and  Company  for  standardi¬ 
zation  of  the  technic.  An  additional  five  sera  selected  from 
the  patients  and  controls  were  titered  by  the  mouse  protection 
assay. 

Results 


A  precipitin  band  could  be  detected  within  the  agar  gel 
with  a  serum  dilution  which  contained  approximately  one-half 
unit  of  tetanus  antitoxin  when  the  above  technic  was  utilized 
with  known  antisera.  One  major  and  two  minor  bands  were  often 
seen  in  the  undiluted  serum  (Fig.  2). 

A  comparison  between  the  level  of  tetanus  antitoxin  as 
estimated  by  the  gel -diffusion  test  and  as  measured  by  the 
mouse  protection  assay  was  made  with  10  sera  and  is  graphi¬ 
cally  shown  in  Figure  3.  Excellent  correlation  was  obtained, 
well  within  the  limits  of  error  for  a  doubling  dilution. 

In  each  of  the  patients  with  known  prior  tetanus  intnuni- 
zation  to  whom  a  booster  injection  of  toxoid  was  given,  and 
who  survived  longer  than  one  week,  there  was  a  definite  rise 
in  titer  which  measured  from  eight  units  per  milliliter  to 
128  units  per  milliliter.  The  peak  of  the  response  was  11  to 
14  days  after  the  booster.  Four  patients  died  during  the  first 
week  after  burn  injury.  Two  of  these  developed  rising  titers 
before  the  time  of  death,  whereas  the  other  two  failed  to 
develop  titers  above  0.5  unit  per  milliliter  during  that 
period.  In  the  two  patients  in  whan  there  had  been  no  prior 
imnunizatlon,  there  was  no  detection  of  tetanus  antibody  by 
this  method.  One  patient  whose  immune  status  could  not  be 
determined  by  history  developed  a  detectable  titer  of  greater 
than  one-half  unit  per  mil  HI* ter  for  the  first  time  on  her 
25th  post-injection  dey,  indicating  that  this  was  a  primary 
immune  response  rether  than  a  secondary  one.  The  patients 
in  this  series  who  were  previously  immunized  had  received 
their  last  booster  Injection  of  tetenus  toxoid  ranging  from 
one  month  to  11  years  before  their  burn  injury. 

In  eight  normal  individuals,  98  separate  tests  were  per¬ 
formed  to  determine  the  specific  titers  at  various  intervals 
following  the  booster  injection  of  tetanus  toxoid.  All  indivi¬ 
duals  had  been  immunized  previously.  One  of  these  individuals, 
however,  did  not  develcp  a  titer  greater  then  0.5  unit  per 
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Figure  3.  Comparison  of  the  tetenus  antitoxin  concen¬ 
tration  as  measured  by  the  gel -diffusion  test  and  by  mouse 
protection  assay  in  10  individual  sera.  Excellent  correlation 

vms  obtained. 


milliliter  until  the  43rd  post- Injection  day,  as  measured  by 
the  gel-diffusion  technic.  The  serum  titer,  as  measured  by 
the  mouse  assay  technic,  rose  to  five  units  per  milliliter, 
indicating  that  an  antibody  had  been  formed  which  did  not  pro¬ 
duce  a  good  precipitin  complex  with  the  toxoid.  This  is  the 
only  individual  in  which  this  was  found.  Six  of  tha  controls 
had  titers  ranging  from  0.5  to  2  units  per  milliliter  prior 
to  their  booster  injection.  Two  had  titers  of  less  than  one- 
half  unit  per  milliliter.  The  last  booster  injections  ranged 
from  three  months  to  five  years.  Onset  of  the  rise  in  titer 
after  the  booster  injection  was  from  the  second  to  the  ninth 
day,  with  the  shorter  responses  being  present  in  those  individuals 
in  whom  recent  booster  injections  had  been  given.  The  peak  titer 
ranged  from  eight  units  per  milliliter  in  two  individuals  to 
32  units  per  milliliter  in  one  individual.  These  titers  are 
essentially  the  same  as  those  found  by  Goldsmith,  et  al.,^ 
using  mouse  protection  tests  for  assays  of  the  booster  response 
in  55  patients  who  had  been  previously  immunized,  and  by  Kaiser, 
e£ai«,5  in  studies  of  4l  World  War  II  veterans. 

The  patients  with  severe  burn  injury  generally  responded 
more  quickly  with  an  anamnestic  response  to  a  booster  injection 
of  tetanus  toxoid  than  did  normal  individuals,  and  the  titers 
rose  to  much  higher  levels.  The  significance  of  tnis  and  further 
details  of  the  immune  response  in  burned  patients  will  be  re¬ 
ported  more  completely  in  a  subsequent  paper. 

Oiscussion 


This  double-diffusion  technic  in  agar  gel  for  the  quantita¬ 
tion  of  tetanus  antitoxin  levels  has  proven  to  be  a  simple, 
accurate,  and  inexpensive  method  for  the  estimation  of  tetanus 
antitoxin  levels  in  patient  sera.  The  sensitivity  for  titers 
ranging  above  0.5  unit  per  milliliter  has  been  quits  satisfac¬ 
tory.  By  comparison,  the  passive  hemagglutination  technic 
appears  to  be  quite  adequate  for  measurement  of  smaller  concen¬ 
trations  of  tetanus  antitoxin  but  is  not  as  accurate  at  higher 
levels,  and  is  also  more  complicated  to  perform.  Ijn  vivo 
protection  studies  are  both  time-consuming  and  expens fveT 

Both  in  military  and  civilian  practice,  patients  are  en¬ 
countered  frequently  who  require  continued  tetanus  prophy’axis. 
With  many  of  the  patients,  however,  the  status  of  prior  i  mini  - 
zation  is  difficult,  if  not  impossible,  to  obtain.  To  insure 
protection  in  such  patients,  it  would  be  necessary  to  give 
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rather  large  quantities  of  either  homologous  or  heterologous 
antitoxin.  The  former  is  expensive  whereas  the  latter  is 
dangerous  because  of  serum  reaction.  The  test  described  in 
this  paper  can  be  used  to  determine  the  immune  status  of  a 
patient  against  tetanus  in  such  instances  where  continued 
tetanus  prophylaxis  Is  indicated.  An  initial  injection  of 
tetanus  toxoid  should  be  administered  to  ev^ry  tetanus -prone 
patient  upon  hospital  admission.  If  the  patient  has  received 
adequate  prior  immunization  for  periods  ranging  up  to  21  years 
before  the  injury,  he  will  develop  a  tetanus  antitoxin  titer 
greater  than  one-half  unit  per  milliliter  by  the  14th  day  after 
booster  injection,  thus  making  further  tetanus  prophylaxis  un¬ 
necessary.  This  proved  to  be  the  case  in  each  of  the  patients 
and  normal  individuals  studied  in  this  series  who  definitely 
had  received  a  booster  shot  of  tetanus  toxoid.  In  the  series 
reported  by  Goldsmith,  et  al.,^  96  per  cent  of  55  patients  had 
a  titer  greater  than  one  unTt  14  days  after  booster  injection, 
and  100  per  cent  had  a  titer  greater  than  one  unit  21  days 
after  booster  injection. 


Strict  adherence  to  the  details  of  the  double-diffusion 
test  should  be  observed  if  accurate  results  are  to  be  obtained. 
Using  this  micro-technic,  the  drying  attendant  with  incubation 
at  room  temperature  was  prohibitive  to  a  good  diffusion.  Con¬ 
trol  of  the  humidity  was  of  vitsl  importance,  and  it  was 
necessary  to  place  the  diffusion  slides  not  only  in  petri 
dishes  with  water-soaked  sponges  In  the  dish,  but  also  to  wrap 
the  plates  so  that  an  almost  air-tight  seal  was  obtained.  For 
this  purpose,  a  plastic  film  wrap  proved  to  be  easily  available 
and  satisfactory.  As  Crowle2  has  pointed  out  in  his  text  on 
Immunodiffusion  technics,  the  use  of  clean,  grease-free  slides 
is  essential.  The  templates  should  be  polished  with  silicone 
fluid  prior  to  their  use.  Constant  temperature  control  Insures 
sharp  precipitin  bands.  In  our  tests,  barbital  buffer  resulted 
in  considerably  bettor  precipitin  bands  than  did  phosphate 
buffer,  Tris  buffer  was  not  evaluated.  Fresh  agar  should  be 
prepared  before  each  set  of  tests  since  the  quality  of  the 
precipitin  bands  decreases  as  the  agar  ages,  even  when  it  is 
stored  et  4°  C,  Preservatives  to  prevent  bacterial  growth  were 
found  not  only  tote  unnecessary  but  undesirable.  HertMotate 
inhibited  the  density  of  the  precipitin  bands  to  soma  degree 
in  the  buffered  agar  in  these  experiments.  The  usu  of  labora¬ 
tory-grade  agar  has  proven  to  be  considerably  more  satisfactory 
than  the  purified  or  special  agars,  such  as  Noble  agar. 

Several  stains  have  been  deccribed  for  staining  the  precipitin 
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bands  in  gel -diffusion  technics,  but  many  of  these  have  proved 
unsatisfactory.  After  evaluating  a  number  of  stains,  one  per 
cent  Thiof lavine-S  in  distilled  water  proved  to  be  the  most 
satisfactory  and  gave  considerably  better  results  than  did 
Nigrosin,  Aminidoschwartz  and  Crocein  Scarlet  MOO,  as  well  as 
several  others. 

Permanent  records  may  be  made  either  by  air  drying  of  slides 
at  room  temperature  or  by  photographic  recording.  Pretreatment 
of  the  slides  with  glycerol  has  been  foLnd  unnecessary  before 
air  drying. 

After  the  molten  agar  has  been  placed  beneath  the  template 
with  a  tuberculin  syringe,  it  is  essential  to  allow  the  agar 
to  gel  firmly  before  the  test  is  performed.  Significant  and 
undesirable  drying  of  the  agar  can  occur,  however,  if  too  long 
a  period  lapses  before  the  introduction  of  the  reactants.  It 
has  been  found  that  micro-pipettes  to  fill  the  peripheral  wells 
may  be  made  easily  by  drawing  tips  on  1.85  rrn  capillary  tubing. 
Hundreds  of  individual  pipettes  may  be  made  in  a  short  period 
of  time  and  are  thus  inexpensive  and  disposable.  Dilution  of 
the  serum  to  be  tested  can  be  accomplished  with  standard  technics. 

Summary  and  Conclusions 

A  new  test  for  the  semi -quantitative  measurement  of  tetanus 
antitoxin  levels  is  described  which  utilizes  a  micro-technic  of 
double-diffusion  in  agar  gel.  This  method  was  designed  to  pro¬ 
vide  a  reliable  but  inexpensive  method  for  the  estimation  of 
antitoxin  levels  in  large  numbers  of  individual  sera.  The 
quantitative  gel-diffusion  technic  for  measurement  of  tetanus 
antitoxin  levels  is  felt  to  supplement  the  iri  vivo  assays  by 
mouse  protection  and  the  i_n  vitro  passive  hemagglutination 
technics.  The  latter  tests  are  quite  sensitive  for  low  levels 
of  tetanus  antitoxin  which  cannot  be  measured  by  gel -diffusion, 
but  are  less  reliable  for  measurements  of  higher  concentrations. 

Perhaps  of  greater  importance,  the  gel -diffusion  test  can 
be  used  to  determine  the  prior  immune  status  of  individuals 
against  tetanus  by  measurement  of  the  antitoxin  level  two  weeks 
after  a  single  injection  of  toxoid.  If  less  than  one-half  unit 
per  milliliter  is  obtained  at  that  time,  the  patient  may  be 
considered  to  have  received  either  inadequate  or  no  prior  tetanus 
immunization.  Falsely  positive  precipitin  bands  have  not  been 
obtained  thus  far  in  individuals  without  prior  immunization. 
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A  parallel  study  comparing  the  electrophoretic  patterns  in 
two  groups  of  comparable  severely-burned  patients,  where  fatal 
septic  complications  were  seen  frequently  in  one  group  and  much 
less  frequently  in  the  other,  was  made  to  determine  what  influ¬ 
ence  infection  had  upon  the  electrophoretic  patterns  following 
severe  thermal  injury.  A  second  study  in  experimental  animals 
compared  the  serum  protein  changes  with  burn,  burn  plus  infec¬ 
tion,  infection  associated  with  cbscess  formation,  and  the  in¬ 
jection  of  bacterial  extracts  with  neither  burn  injury  no  in¬ 
fection. 

Those  patients  dying  with  septicemia  caused  by  Pseudomonas 
aeruginosa  or  Staphylococcus  aureus  definitely  tended  to  have 
a  marked  terminal  depression  of  albumin  with  elevated  gamma 
globulin  and  alpha-one  glcbul in  levels.  With  both  moderate  and 
severe  Infections,  the  alpha-two  globulin  levels  tended  to  be 
high,  but  these  were  usually  depressed  terminally  with  fatal 
infections,  possibly  because  of  hemolysis  with  haptoglobin 
combining  with  free  hemoglobin.  Generally,  however,  the  elec¬ 
trophoretic  patterns  for  both  groups  were  quite  similar  except 
a*  the  time  of  actual  septicemia. 

Infection  of  the  burn  wound  in  the  experimental  animal 
caused  a  characteristic  increase  in  the  alpha-one  and  olpha-two 
globulin  and  beta-globulin,  a  mild  depression  of  the  gamma  globul1 


and  severe  depression  of  the  albumin,  with  exceedingly  low 
vaiues  found  terminally.  The  induction  or  an  abscess  in  itself 
caused  simile  changes  which  were  even  more  marked  at  an  earlier 
time.  The  ch  ’  ges  in  the  electrophoretic  patterns  of  severely 
burned  patients  in  both  groups  tended  to  more  closely  resemble 
these  of  experimental  animals  with  both  burn  injury  and  infec¬ 
tion  rather  than  those  with  burn  injury  without  infection. 

It  is  concluded  that  the  effects  of  infection  may  contribute 
significantly  in  producing  alterations  of  the  serum  protein 
fractions  following  severe  thermal  injury.  However,  the  deter¬ 
mination  of  serum  protein  patterns  by  electrophoresis  has  not 
been  found  to  be  a  useful  tool  in  clinical  management. 


( 1)  Burns 

(2 )  Serum  Prote i n 


(3)  Electrophoresis 


THE  INFLUENCE  OF  INFECTION  UPON  SERUM  PROTEIN 
CHANGES  IN  SEVERE  BURNS 


Thermal  injury  of  sufficient  magnitude  results  in  r.arkea 
alteration  of  the  serum  protein  pattern  as  determined  by 
paper  electrophoresis.  These  changes  have  been  attributed 
primarily  to  protein  shifts  into  the  extravascular  fluid  com¬ 
partment  during  the  first  few  days  after  burn  injury,  but  strik¬ 
ing  deviations  from  the  normal  pattern  remain  for  long  periods 
in  those  patients  with  large  burns.  These  changes  may  be  a 
result  of  both  increased  production  of  specific  proteins  as 
well  as  an  increased  catabol i sm^ > 5,6, 10  and  continued  loss 
from  the  burn  wound J 5 


The  relationship  of  septic  complications  to  alterations 
in  the  serum  protein  pattern  has  not  been  studied  extensively 
although  a  few  investigators  have  suggested  that  hypogamma¬ 
globulinemia  during  the  initial  phase  ot  burn  injury  may  con¬ 
tribute  to  the  development  of  sepsis The  routine  use 
of  topical  Sulfamylon  therapy  at  this  institution  has  signifi¬ 
cantly  reduced  septic  complications  following  thermal  injury, ^ 
producing  an  opportunity  to  compare  the  serum  protein  altera¬ 
tions  in  severe  burns  in  two  groups  of  patients,  one  in  which 
fatal  septic  complications  were  common,  and  the  other  in  which 
they  were  much  less  frequent  This  investigation  was  under¬ 
taken  to  make  such  a  comparison  with  additional  information 
obtained  from  animal  experiments. 


Materials  and  Methods 


Experiment  1  -  Comparison  of  Patient  Groups.  The  patients 
reported  in  this  study  were  treated  by  the  Clinical  Division 
of  the  US  Army  Surgical  Research  Unit,  Brooke  Army  Medical 
Center,  Fort  Sam  Houston,  Texas,  during  two  separate  periods: 
1958  to  1959  and  1964  to  1965.  All  had  thermal  injuries  in¬ 
volving  30  per  cent  of  the  total  body  surface  or  greater.  They 

were  tieat'ci  uy  u  wi.cnt!  . .  *  t  *!,it  {r,_‘it'J 

tion  during  the  particular  period  involved,  the  primary  dif¬ 
ference  in  treatment  being  the  use  of  topical  chemotherapy 
(Sulfamylon)  in  every  patient  in  the  latter  group.  None  of 
the  patients  in  the  first  group  received  topical  chemotherapy, 
although  many  were  treated  with  systemic  antibiotics  for 
specific  infections.  Also,  better  serum  albumin  replacement, 
in  the  form  of  plasma  protein  fraction  (Plasmanate)  was  accom- 
pl ished  in  Group  B . 


Group  A.  The  25  patients  in  this  group  were  studied 
during  the  period  1958  to  1959.  The  average  size  of  their 
burn  injuries  was  56  per  cent  with  33  per  cent  third  degree. 
Serum  electrophoretic  patterns  were  determined  by  electro¬ 
phoresis  on  a  Spinco  Model  R  Electrophoresis  Unit  for  16  hours 
using  Whatman  3  mm  electrophoresis  paper  and  barbital  buffer, 
pH  8.6,  ionic  strength  0.075.  Aqueous  bromophenol  blue  was 
used  as  a  stain,  and  the  strips  were  read  with  a  Spinco 
Analytrol  apparatus.  Ninety-eight  separate  electrophoretic 
determinations  were  done  on  sera  drawn  between  the  time  of 
inj  -y  and  the  32nd  day  following  injury.  Total  protein  deter¬ 
minations  were  done  by  the  Biuret  method,  and  the  serum  pro¬ 
tein  constituents  were  calculated  in  grams  of  protein  per 
100  ml  serum.  Averages  for  ail  of  the  determinations  on  each 
postburn  uay  were  obtained. 

Group  B.  The  22  patients  in  this  group  were  treated 
during  the  period  1964  to  1965*  The  average  size  of  their 
burn  injuries  was  54.1  per  cent  with  25  per  cent  third  degree. 
One  hundred  seventy-nine  separate  electrophoretic  determinations 
were  done  from  the  first  through  the  32nd  day,  with  serial 
daily  to  biweekly  determinations  in  most  surviving  patients. 

All  of  the  patients  in  this  group  were  treated  with  topical 
Sul famyl on  therapy.  Electrophoreses  were  done  as  described 
above  with  the  exception  that  S  &  S  2043A  paper  was  used,  and 
the  strips  were  stained  with  alcoholic  bromophenol  blue  before 
being  read.  The  serum  protein  components  were  expressed  simi¬ 
larly  as  grams  per  cent,  and  the  averages  for  all  determina¬ 
tions  taken  on  a  given  day  were  made  and  recorded. 


Experiment  2  -  Studies  in  Experimental  Animals.  Healthy, 
young,  adult  Sprague-Oawl ey  rats  weighing  !80  qm  to  200  gm 
were  used  throughout  this  experiment.  They  were  individually 


caged  and  given  Raulston  Chow  and  water  ad  1 ibi turn.  Blood 
for  serum  electrophoresis  was  obtained  by  exsanguination  from 


cardiac  puncture.  Total  protein  determinations  were  done  by 
the  Biuret  method,  and  electrophoreses  were  performed  for  16 


hours  using  a  Spinco  Model  R  Electrophoretic  Unit,  barbital 
buffer  pH  8.6,  ionic  strength  0.075,  and  S  6-  S  2043A  paper. 


The  strips  were  stained  with  alcoholic  bromophenol  blue  and 


read  on  a  Spinco  Analytrol  Unit.  All  of  the  infections  pro¬ 
duced  in  Groups  C  and  0  were  made  by  inoculation  with  ?n  18- 


hour  trypticase  soy  broth  culture  of  a  single  strain  of 
Pseudomonas  aeruginosa  ( SRU - 1 2 -4-4 (59) ) -  The  experimental 


animats  were  divided  into  seven  groups. 
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Group  A.  Thirty-six  animals  serv  d  as  controls  to 
establish  normal  values  for  the  serum  nroteins,  Six  animals 
were  bled  every  other  day  at  the  same  time  as  the  animals  in 
Groups  B,  C,  and  D. 

Group  B.  A  20  per  cent  ful 1 -thickness  burn  was  inflic¬ 
ted  on  each  of  these  36  animals  under  pentobarbital  anesthesia 
with  the  use  of  a  mold  by  immersion  in  hot  water  at  100°  C  for 
10  seconds.  This  technic  is  described  in  detail  elsewhere.^ 

The  burn  wounds  were  not  treated  otherwise.  Six  animals  from 
this  group  were  sacrificed  every  other  day  following  burn  in¬ 
jury  through  the  12th  postburn  day.  Determinations  were  done 
for  each  individual  serum,  and  an  average  value  was  obtained 
for  each  day. 

Group  C.  Thirty-six  animals  received  20  per  cent  fu1!- 
thickness  burns  using  the  technic  described  above.  The  burn 
wounds  were  seeded  with  0.1  ml  of  an  18-hour  broth  culture  of 
Pseudomonas  strain  SRU - 1 2 -4-4( 59)  (approximately  10°  organisms) 
immediately  after  the  burn  injury.  Six  animals  were  sacrificed 
every  other  day  following  burn  injury,  and  individual  deter¬ 
minations  made  on  their  sera.  An  average  was  obtained  for 
each  day. 

Group  D.  A  subcutaneous  abscess  was  produced  in  each  of 
36  animals  by  the  injection  of  an  18-hour  broth  culture  of 
Pseudomonas  strain  SRU-1 2 -4-4{ 59) .  Six  animals  were  injected 
with  0.5  ml  of  the  bacterir  suspension;  an  additional  six  were 
injected  with  1.5  ml,  and  24  animals  were  injected  subcutaneously 
with  1.0  ml  of  broth  culture.  One  animal  that  was  inoculated 
with  0.5  ml  broth  culture.  «ne  inoculated  with  1.5  ml,  and 
tour  inoculated  with  1.0  mi  were  sacrificed  every  other  day 
through  day  12,  Determinations  were  made  for  each  individual 
serum,  and  an  average  was  obtained  for  each  subgroup. 

Group  E.  A  saline  extract  was  made  from  Pseudomonas 
strain  SRU-T2-4-4( 59)  organisms  which  had  been  harvested 
after  growth  on  trypticase  soy  agar  and  disrupted  in  the 
frozen  state  with  a  Hughes  press.  The  extract  was  sterilized 
by  filtration  through  a  sintt.fed  glass  filter  and  stored  in 
a  dry  ice  chest  until  ready  for  use.  One-half  ml  of  this  ex¬ 
tract  was  injected  ir.traperi  toneal  ly  daily  into  each  of  five 
animals.  Two  animals  were  sacrificed  by  exsanguinati on  on  the 
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second  day  after  the  injections  were  started,  and  three  were 
sacrificed  on  the  fourth  day  after  injections  were  started. 
Determinations  of  the  total  serum  proteins  and  serum  electro¬ 
phoreses  were  done  on  each,  and  averages  obtained. 

One  ml  of  the  same  extract  was  given  i nt raperi toneal 1 y 
daily  to  four  additional  animals.  Two  animals  were  sacri¬ 
ficed  on  the  second  day  after  the  injections  were  started, 
and  two  on  the  fourth  day.  Serum  protein  determinations  and 
electrophoretic  studies  were  carried  out  on  each,  and  _,n  aver¬ 
age  was  obtained  for  each  period  of  scrifice. 

Two  ml  of  the  extract  were  given  as  a  single  intraperi- 
toneal  injection  to  two  animals,  and  both  of  these  were  sacri¬ 
ficed  by  exsanguination  two  days  later.  Serum  protein  deter¬ 
minations  and  electrophoretic  studies  were  carried  out  and  an 
average  obtained. 

Results 


Experiment  1  -  Comparison  of  Patient  Groups.  The  total 
serum  proteins,  albumin,  gamma  globulin,  beta  globulin,  alpha- 
one  globulin,  and  alpha-two  globulin  are  shown  graphically  for 
both  groups  of  patients  in  Figure  i.  The  changes  are  self- 
evident  and  need  no  verbal  description.  Average  values  are 
expressed  since  individual  determinations  varied  considerably. 

Group  A  patients  were  divided  further  into  those  having 
septic  deaths  and  the  remainder  in  whom  there  was  either 
survival  or  death  due  to  non-septic  causes.  Although  the 
iifferences  were  not  great,  1 1  was  found  that  albumin  levels 
tended  to  be  lowc,  in  those  patients  with  septic  deaths,  and 
alpha-one  globulin  levels  tended  to  be  higher.  When  individual 
patients  having  Pseudomonas  or  Staphyl ococcal  sepsis  were 
considered  (Table  i),  there  wes  often  a  profound  decrease  in 
the  serum  albumin  levels  terminally  with  a  depression  of  the 
total  serum  protein,  and,  occasionally,  the  alpha-two  and  beta 
globulins.  The  gamma  globulin  tended  to  remain  at  normal 
levels  or  above  without  a  terminal  drop  in  these  particular 
patients.  Alpha-one  globulins  tended  to  rise  terminally  in 
the  majority  of  septic  patients. 

Experiment  2  -  Studies  in  Experimental  Aniinals.  The  mean 
concentrations  of  total  serum  protein,  albumin,  beta  globulin, 
gamma  globulin,  and  alpha-one  and  alpha-two  globulins  are 
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Legend  for  F’^ire  1. 

Average  values  for  serum  protein  fractions  in  patients 
wi tii  burn  injuries  of  greater  than  30  per  cent.  Group  B 
was  treated  with  topical  chemotherapy.  The  origins  of  the 
curves  from  the  ordinates  indicate  values  considered  to  be 
normal  for  the  technic  used. 
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shown  graphically  in  Figure  2  for  Groups  A  -  D.  Six  animals 
died  in  both  Groups  C  and  0,  resulting  in  no  determination  for 
the  1 2 1 h  postburn  day  in  these  two  groups. 

After  a  20  per  cent  burn  without  infection  (Group  B) , 
there  was  slight  drop  in  the  total  serum  protein,  albumin,  and 
globulin,  with  essentially  no  change  in  the  beta  globulin  and 
alpha-one  globulin,  but  with  a  rise  in  the  alpha-two  globulin 
consistent  with  the  "pattern  of  injury"  described  el sewhere.^j ^ 

If  animals  with  the  same  magnitude  of  burn  injury  received 
bacterial  contamination  so  that  a  severe  and  ultimately  fatal 
infection  resulted  (Group  C) ,  there  was  a  much  more  striking 
depression  of  the  total  serum  protein  with  a  profound  depression 
of  the  serum  albumin.  In  many,  animal s,  on  the  8th  and  10th 
postburn  day,  the  values  for  albumin  were  less  than  0.5  gm  per 
cent,  a  seemingly  progressive  decrease  until  the  time  of  death. 
The  gamma  globulin  levels  were  only  slightly  lower  than  those 
seen  in  animals  with  burn  injury  alone.  Beta  riobulin  levels, 
however,  were  higher,  reached  a  peak  on  the  sixth  postburn 
day,  and  decreased  slightly  after  that  time.  There  was  an 
immediate  rise  in  the  alpha-two  globulins,  which  continued  up¬ 
ward  to  two  and  one-half  times  normal  values  by  the  time  of  the 
animal's  death.  The  alpha-one  gjobul  ins  rose  more  slowly,  reached 
a  peak  on  the  sixth  postburn  day,  and  dropped  toward  normal 
values  on  the  3th  and  10th  postburn  days. 

In  Group  0,  where  a  subcutaneous  abscess  was  produced,  the 
animals  developed  ?  very  large  swelling  in  the  region  of  the 
abscess  which  resulted  in  skin  necrosis  in  many  animals  with 
rupture  by  the  8th  to  10th  day.  The  return  toward  normal  values 
at  this  particular  time  was  felt  to  represent,  in  part,  spon¬ 
taneous  drainage  of  the  abscess  with  partial  recovery  in  the 
remaining  animals.  The  total  serum  protein  levels  dropped 
approximately  1  gm  per  cent  and  stayed  low  throughout  the  period 
of  observation.  Serum  albumin  levels  fell  to  one  gram  per  cent 
on  the  second  day  after  creation  of  the  abscess  and  decreased 
still  further  on  the  fourth  and  sixth  days.  The  gamma  globulin 
followed  a  pattern  similar  to  that  seen  in  the  burn-infected 
animal  with  higher  values  noted  on  the  8th  and  10th  day.  The 
changes  in  the  alpha-one,  alpha-two,  and  beta  globulins  were 
striking,  with  an  immediate  rise  in  all  three.  The  rise  oc¬ 
curred  sooner  than  in  the  burn-infected  animal,  and  the  beta 
globulins  and  alpha-two  globulins  reached  a  higher  level  al¬ 
though  all  of  these  tended  to  return  toward  normal  in  those 
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Legend  for  Figure  2. 

Electrophoretic  determinations  in  the  experimental  animals. 
Each  point  on  the  charts  represents  an  average  value  obtained 
from  six  animals.  The  injury  and/or  infection  was  inflicted 
on  Day  0. 
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animals  in  whom  spontaneous  rupture  of  an  abscess  had  occurred. 
An  average  value  of  1.3^  gm  per  cent  alpha-two  globulin  on  the 
second  day  after  production  of  the  abscess  as  compared  to  0.5 
gm  per  cent  of  the  normal  value  represents  a  striking  increase. 

It  is  significant  that  the  injection  of  a  Pseudomonas  ex¬ 
tract  without  viable  bacteria  (Group  E)  created  changes  similar 
to  those  seen  with  burn-infection  or  infection  alone  with  the 
exception  of  alpha-one  globulin  (Table  2).  It  would  seem  from 
these  studies  that  bacterial  products  themselves  contribute 
significantly  to  the  serum  protein  changes  following  thermal 
injury.  Apparently,  it  is  necessary  to  have  both  tissue  injury 
and  infection  to  produce  a  marked  rise  in  the  alpha-one  globu¬ 
lins  since  neither  injection  of  the  bacterial  extract  nor  a  burn 
in  itself  produced  the  characteristic  changes  which  followed 
severe  thermal  injury  with  surface  infection. 

Di scussion 


A  number  of  investigators  have  described  the  alterations 
in  the  serum  protein  electrophoretic  patterns  of  burned  patients 
since  the  first  systematic  study  by  Prendergast,  Fenichel,  and 
Oaly  in  1952.  *7  The  studies  of  Birke,  et  a_K,3  and  Lanchantin 
and  Deadrick  are  particularly  noteworthy.  The  major  altera¬ 
tions  found  in  our  patients  with  severe  thermal  injuries  do  not 
differ  significantly  from  those  previously  described  in  the 
works  of  the  aforementioned  authors.  In  general,  the  changes 
found  early  in  the  course  following  a  burn  injury  have  been 
felt  to  be  a  result  of  loss  of  protein  into  the  burn  wound 
itself,  and  the  later  alterations  have  been  felt  to  result 
from  tissue  injury  and  repair  or  possibly  from  infection  in 
some  instances. 


1 A  19 

The  r^  lews  by  Pederman  and  Wall  7  indicated  that 
depression  of  the  serum  albumin  levels  and  elevation  of  alpha- 
one  and  alpha-two  globulin  occurred  in  several  disease  entities, 
but  when  profound  changes  occurred  in  these  three  regions, 
associated  with  an  elevated  ganrra  globulin,  they  were  almost 
always  associated  with  acute  infection.  Dunn  and  Pearce  ' 
recorded  similar  results  in  a  study  of  clinical  patients 
having  various  disease  entities  in  a  general  hospital.  In 
a  study  of  83  patients,  seriously  ill  with  acute  infections, 
Graham,  Dobson,  and  Yow  ®  also  described  similar  depressions 
of  the  albumin,  with  elevations  of  alpha-one, alpha-two,  and 
also  beta  globulin  and  gamma  globulin.  The  increase  in  the 
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beta  globulin  was  seen  primarily  with  infections  caused  by 
gram-positive  cocci.  It  is  characteristic  of  bacterial  in¬ 
fections  in  man  that  the  gamma  globulin  is  elevated,  particu¬ 
larly  in  chronic  infections. 

This  investigation  was  undertaken  to  determine  the  role 
of  infection  in  producing  the  serum  protein  alterations 
following  severe  thermal  injury.  For  this  purpose,  two  types 
of  studies  were  employed.  The  first  of  these  compared  the 
serum  protein  alterations  in  two  groups  of  burned  patients, 
comparable  with  the  exceptions  that  patients  in  Group  A  had 
slightly  more  severe  burns  and  were  not  given  as  much  early 
albumin  replacement,  and  that  fewer  fatal  septic  complications 
were  seen  in  the  more  recent  group  (B)  which  had  been  treated 
with  topical  chemotherapy  (Sulfar..ylon)  .  This  is  not  to  say 
that  surface  infections  did  not  occur  in  the  latter  group, 
for  they  were  invariably  presert  although  less  severe.  Bac¬ 
teria  in  large  numbers  have  been  found  in  the  burn  wounds  of 
a’most  every  patient  studied  who  has  been  treated  with  Sulfa- 
mylon  even  though  invasive  infection  with  septicemia  has  been 
less  frequent.^  The  serum  protein  alterations  in  both 
groups  were  quite  similar,  with  only  slight  differences  which 
could  be  attributed  to  a  slight  variance  in  the  technic  and 
the  relative  lack  of  albumin  replacement  in  Group  A.  However, 
within  the  group  where  sepsis  was  common  (Group  A),  the  serum 
albumin  levels  were  somewhat  lower  and  the  serum  alpha-one  and 
alpha-two  globulins  higher  in.  those  patients  where  infection 
was  fatal.  Occasional  individual  electrophoretic  patterns 
in  patients  dying  with  Pseudomonas  or  Staphylococcal  septi¬ 
cemia  showed  striking  changes  characterized  by  progressive 
depression  of  the  serum  albumin,  no  change  or  slight  eleva¬ 
tion  in  the  beta  and  gamma  globulins,  and  an  elevated  level 
of  alpha -one  globulin.  The  alpha -two  globulin  changes  were 
often  inconstant  although  there  tended  to  be  an  early  rise 
with  a  subsequent  depression  shortly  before  death  with 
Pseudomonas  septicemia,  possibly  a  result  of  hemolysis  with 
removal  of  haptoglobin  by  free  hemoglobin.  The  alterations 
seen  in  individuals  with  burn  injury  ranging  from  30  per 
cent  to  50  per  cent  when  compared  to  individuals  with  burn 
injury  ranging  from  50  per  cent  to  90  per  cent  were  slightly 
but  signif icantly  less  pronounced  and  tended  to  return  10 
normal  at  an  earlier  time. 

The  second  type  of  study  involved  investigations  per¬ 
formed  in  experimental  animals  in  which  burn  injury  with  and 
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without  infection  was  produced  and  in  which  a  severe  abscess 
produced  by  Pseudomonas  and  the  injection  of  bacterial  products 
were  used  to  determine  the  influence  of  infection  upon  the 
protein  changes.  The  results  show  that  infection  itself  plays 
a  major  role  in  many  of  the  protein  changes,  especially  those 
in  the  albumin,  alpha-one,  and  alpha-two  ranges  as  determined 
by  paper  electrophoresis.  Alpha-two  globulins  increased  sig¬ 
nificantly  after  a  20  per  cent  third  degree  burn  without  bac¬ 
terial  contamination,  but  the  increase  was  much  greater  when 
infection  of  the  burn  wounds  occurred.  An  increase  was  also 
seen  after  the  i nt raper i toneal  injection  of  a  Pseudomonas  ex¬ 
tract  in  those  animals  with  Pseudomonas  abscess.  These 
findings  indicate  that  infection  can  play  an  important  role 
in  the  changes  of  alpha-two  globulin.  By  contrast,  neither 
the  injection  of  Pseudomonas  extract  nor  burn  injury  itself 
significantly  altered  the  alpha-one  globulin  levels,  but 
active  bacterial  infection  did  cause  a  striking  increase  in 
the  alpha-one  globulin  whether  or  not  burn  injury  was  present. 
The  serum  albumin  was  somewhat  depressed  by  burn  injury  alone, 
but  markedly  depressed  by  the  c-iiplication  of  infection, 
whether  or  not  the  infection  was  associated  with  burn  injury. 
Likewise,  injection  of  a  sterile  Pseudomonas  extract  caused 
a  rather  marked  depression  of  serum  aibumin  levels  which 
seemed  to  be  directly  proportional  to  the  amount  of  extract 
given.  In  contrast  to  humans,  beta  globulins  were  moderately 
elevated  by  infection,  and  gamma  globulins  slightly  depressed. 
Burn  injury  in  itself  caused  a  slight  depression  of  gamma 
globulin,  but  essentially  no  change  in  the  beta  globulin 
level s. 


The  relative  lack  of  difference  between  patients  in  Group 
A  and  Group  B  would  indicate  either  that  burn  injury  is  more 
important  than  infection  in  producing  the  characteristic  pro¬ 
tein  changes  or  that  the  burn  wounds  in  both  groups  are  infected. 
Since  all  burn  wounds,  even  in  the  second  group,  invariably 
had  bacterial  contamination  and  growth,  and  since  injury  with¬ 
out  infection  can  produce  similar  protein  changes  of  a  lesser 
magnitude,  it  is  impossible  to  separate  fhes“  ♦•wo  possibilities 
by  our  study.  This  lack  of  separation  makes  serum  electro¬ 
phoresis  an  ineffective  tool  in  the  clinical  management  of 
burn  injuries.  Nevertheless,  it  is  evident  from  the  animal 
experiments  and  from  the  observations  on  several  of  the  patients 
that  inf'^tion  can  and  probably  docs  contribute  greatly  to  the 
serum  protein  alterations  which  are  seen  following  severe 
thermal  injury. 
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Summary  and  Conclusions 

A  parallel  study  comparing  the  electrophoretic  patterns 
in  two  groups  of  comparable  severely  burned  patients,  where 
fatal  septic  complications  were  seen  frequently  in  one  group 
and  much  less  frequently  in  the  other,  was  made  to  determine 
what  influence  infection  had  upon  the  electrophoretic  patterns 
following  severe  thermal  injury.  A  second  study  in  experi¬ 
mental  animals  compared  the  serum  protein  changes  with  burn, 
burn  plus  infection,  infection  associated  with  abscess  forma¬ 
tion,  and  the  injection  of  bacterial  extracts  with  neither 
burn  injury  nor  infection. 

Those  patients  dying  with  septicemia  caused  by  Pseudomonas 
aeruginosa  or  Staphylococcus  aureus  definitely  tended  to 
have  a  marked  terminal  depression  of  albumin  with  elevated 
gamma  globulin  and  alpha -one  globulin  levels.  With  both  moder¬ 
ate  and  severe  infections,  the  alpha-two  globulin  levels  tended 
to  be  high,  but  these  were  usually  depressed  terminally  with 
fatal  infections,  possibly  because  of  hemolysis  with  hapto¬ 
globin  combining  with  free  hemoglobin.  Generally,  however, 
the  electrophoretic  patterns  for  both  groups  were  quite  similar 
except  at  the  time  of  actual  septicemia. 

Infection  of  the  burn  wound  in  the  experimental  animal 
caused  a  characteristic  increase  in  the  alpha-one  and  alpha- 
two  globulin  and  beta  globulin,  a  mild  depression  of  the  gamma 
globulin,  and  severe  depression  of  the  albumin,  with  exceedingly 
low  values  found  terminally.  The  induction  of  an  abscess  in 
itself  caused  similar  changes  which  were  even  more  marked  at 
an  earlier  time.  The  changes  in  the  electrophoretic  patterns 
of  severely  burned  patients  in  both  groups  tended  to  more 
closely  resemble  those  of  experimental  animals  with  both  burn 
injury  and  infection  rather  than  those  with  burn  injury  with¬ 
out  infection. 

It  is  concluded  that  the  effects  of  infection  may  con¬ 
tribute  significantly  in  producing  alterations  of  the  serum 
protein  fractions  following  severe  thermal  injury.  However, 
the  determination  of  serum  protein  patterns  by  electrophoresis 
has  not  been  found  to  be  a  useful  tool  in  clinical  management. 
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A  high  .ncidence  of  positive  direct  Coombs'  reactions 
occurs  in  burned  rats.  Rats  with  negative  direct  Coombs' 
develop  positive  reaction  when  injected  with  viable  lymph 
node  cells  from  animals  with  a  positive  direct  Coombs' 

This  suggests  that  an  autoimmune  mechanism  is  responsible 
for  the  positive  direct  Coombs'  test  following  burns  in  rats. 

Autoimmune  hemolytic  anemia  ,,as  been  reported  in  a 
number  of  cases  characterized  by  destruction  of  erythrocytes 
through  mechanical  means.  Heat  induced  alterations  in  the 
erythrocyte  membrane  may  produce  antigenic  changes  similar 
to  those  ascribed  to  mechanical  injury. 

Coombs'  studies  were  performed  on  15  patients  admitted 
to  the  Burn  Study  Branch.  The  direct  and  indirect  Coombs' 
test  remained  negative  in  11  patients.  Two  patients  developed 
a  transiently  positive  direct  Coombs'  test  while  the  two 
remaining  patients  had  a  transiently  positive  indirect 
Coombs'  reaction.  A  positive  Coombs'  test  was  not  correlated 
with  clinically  recognizable  hemolysis. 
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To  date  there  are  insufficient  data  to  suggest  that  an 
autoimmune  mechanism  is  responsible  for  the  positive  Coombs 
reactions  seen  in  these  burned  patients. 


(1)  Thermal  injury 

(2)  Coombs'  Test 
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INCIDENCE  OF  POSITIVE  ANTIGLOBULIN  TEST  FOLLOWING 
THERMAL  INJURY 


Autoimmune  hemolytic  anemia  has  been  reported  in  a  number 
of  cases  characterized  by  destruction  of  erythrocytes  through 
mechanical  means. ^  These  include  open  heart  surgical  pro¬ 
cedures,  implantation  of  Starr  prosthetic  heart  valves, 
severe  aortic  stenosis,  and  a  case  involving  severe  mitral 
stenosis  with  turbulent  flow.  In  these  cases,  it  would 
seem  thaf  mechanical  damage  to  the  erythrocyte  leads  to 
changes  in  the  cell  membrane  which  modifies  surface  antigens. 
These  modified  antigens  may  appear  foreign  to  the  host  and 
initiate  antibody  formation.  Heat  causes  increased  spheroidi¬ 
city,  osmotic  and  mechanical  fragility,  and  hemolysis  of 
erythrocytes. 2  These  heat  induced  changes  in  the  erythro¬ 
cyte  membrane  may  produce  antigenic  changes  similar  to  those 
ascribed  to  mechanical  injury. 

In  I960,  McCarthy  reported  a  high  incidence  of  positive 
direct  Coombs'  reactions  in  severely  burned  Wistar  rats. 3 
Fifty-one  of  56  rats  developed  positive  reactions  four  days 
after  37  per  cent  body  surface  burns.  In  these  rats,  a  per¬ 
sistent  positive  reaction  correlated  with  death  and  a  nega¬ 
tive  reaction  with  survival.  There  is  also  a  correlation 
with  the  size  of  the  burn,  large  burns  being  more  likely 
t>  produce  positive  reactions.2*  An  eluate  from  Coombs' 
positive  cells  was  capable  of  giving  a  positive  indirect 
reaction;  however,  attempts  to  demonstrate  a  circulating 
red  cell  specific  factor  by  indirect  Coombs'  were  uniformly 
unsuccessful . 5  When  viable  cell  suspensions  prepared  from 
the  lymph  node  ard  spleens  of  those  animals  with  a  positive 
direct  Coombs'  were  injected  intraperi toneal 1y  into  rats 
with  negative  direct  Coombs',  these  recipients  developed 
positive  reactions  and  died.  Controls  injected  with  cells 
from  Coombs'  negative  rats  remained  Coombs'  negative  and 
survived.  This  suggests  that  an  autoimmune  mechanism  is 
responsible  for  the  posi ti ve di rect  Coombs'  test  following 
thermal  injury  in  rats.^ 

Metiwds 


Fifteen  patients  admitted  to  the  Burn  Study  Branch  of 
the  Surgical  Research  Unit  have  been  included  in  this 
pilot  study.  Direct  and  indirect  Coombs'  tests  have  been 
done  on  admission  and  repeated  on  hospita!  days  3,  7,  ar.d  14. 
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Hemolysis  has  been  gauged  by  serial  CBC,  reticulocyte  count, 
direct  and  indirect  bilirubin,  and  urinary  urobilinogen.  This 
study  has  been  designed  to  determine  the  incidence  of  positive 
Coombs'  test  following  thermal  injury  and  to  correlate  this 
phenomenon  with  the  degree  o,"  hemolysis,  size  of  burns,  and 
prognosi s . 

Resul ts 


In  11  of  the  15  patients  included  in  this  pilot  study, 
the  direct  and  indirect  Coombs'  test  remained  negative 
throughout  the  period  of  observation.  Two  patients  had  a 
transiently  positive  direct  Coombs'  test  during  the  immediate 
postburn  period,  while  che  two  remaining  patients  had  trans¬ 
iently  positive  indirect  Coombs'  test.  In  no  instance  was 
a  positive  Coombs'  test  associated  with  a  clinically  recog¬ 
nizable  hemolytic  episode. 

The  Coombs'  antiglobulin  test  has  gained  wide  acceptance 
in  the  demonstration  of  incomplete  antibodies.  A  positive 
reaction  has  usually  been  interpreted  to  indicate  the  pre¬ 
sence  of  isoimmune  or  autoimmune  globulins.  However,  false 
positive  Coombs'  tests  have  been  attributed  to  a  number  of 
divergent  factors. 

Clinical  dextran  is  commonly  employed  during  the  immedi¬ 
ate  postburn  resuscitation.  This  macromolecular  plasma 
volume  expander  also  interferes  with  the  blood  clotting 
mechanism,  this  antithrombotic  effect  may  result  from  ad¬ 
herence  of  dextran  to  platelets  and  also  to  intimal  sur¬ 
faces  of  arteries,  especially  at  sites  of  recent  injury. 
Coating  of  circulating  red  blood  cells  has  also  been  demon¬ 
strated.  ^  Since  dextran  is  known  to  be  antigenic  in  man, 
it  is  possible  that  anti -dextran  antibodies  could  cause 
agglutination  of  dextran-coated  rad  blood  cells.  Adequate 
washing  of  red  blood  cells  prior  to  performing  a  direct 
Coombs'  agglutination  should  prevent  a  false  positive  reac¬ 
tion,  since  erythrocytes  which  have  been  exposed  to  dextran 
can  he  readily  freed  from  it  by  washing.  The  presence  of 
dextran  in  a  patient's  plasma  may  interfere  with  indirect 
Coombs'  test  by  causing  heavy  rouleaux  formation  of  uncoated 
red  blood  cells. 7  We  are  currently  engaged  in  a  prospective 
study  to  determine  the  incidence  of  positive  Coombs'  reac¬ 
tions  in  patients  receiving  clinical  dextran  in  the  treat¬ 
ment  of  thrombophlebitis. 
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Identification  of  reticulocytosis  as  a  cause  of  a  false 
positive  direct  Coombs'  test  was  first  reported  by  Southerland. 
Isentrout,  and  McCall. 8  Their  study  revealed  that  many 
reticulocytes  have  a  surface  coated  with  globulin. 

The  role  of  bacterial  contamination  in  producing  false 
positive  agglutination  during  blood  grouping  procedures  has 
been  well  documented.  Beck,  et  ak,  demonstrated  that  blood 
incubated  with  Pseudomonas  ef?usa  gave  positive  direct  and 
indirect  anti  human  globulin  reactions. 9  The  sterile  control 
blood  and  blood  containing  other  organisms  gave  negative 
results  with  the  Coombs'  test.  This  study  may  have  special 
significance  in  view  of  the  frequency  of  Pseudomonas  infections 
in  burned  patients.  " 

At  present  we  have  insufficient  clinical  data  to  suggest 
that  an  autoimmune  mechanism  is  responsible  for  the  positive 
Coombs'  test  which  we  have  found  following  thermal  injury. 
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Either  dextran  or  Plasmanate  is  given  preoperat i vely  to 
autograft  patients.  Blood  loss  is  measured  from  the  donor 
site  sponges.  The  10  pairs  of  results  already  accumulated 
■do  not  yet  show  a  statistically  significant  difference. 
Results  from  40  more  patients  will  be  accumulated. 


(1)  Dextran 

(2)  Bleeding 


(3)  Hemorrhage 

(4)  Donor  sites 
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on  Effects  of  Dextran  on  Bleeding,  National  Research  Council. 
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THE  EFFECTS  OF  ADMINISTRATION  OF  DEXTRAN  SOLUTIONS  ON 
BLEED  I’  j  IN  SURGICAL  PATIENTS 


Since  1953,  dextran  solution  has  been  sold  commercially 
throughout  the  world  and  has  been  infused  into  many  pa¬ 
tients.  To  date,  however,  no  adequately  documented  reports 
of  controlled  studies  have  become  available  that  would 
clearly  implicate  the  infusion  of  dextran  as  the  cause  of 
abnormal  bleeding  in  a  patient.  On  the  other  had,  many 
physicians  have  heard  that  the  administration  of  dextran 
is  associated  with  a  "bleeding  tendency"  and  that  giving 
i t  to  a  patient,  even  in  limited  amounts,  incurs  a  serious 
risk  of  hemorrhage.  There  is  no  evidence  that  concerted 
efforts  have  ever  been  made  to  acquire  adequate  data  from 
'controlled  studies  on  the  influence  of  dextran  on  bleeding 
in  surgical  patients. 

In  view  of  this  situation,  a  special  panel  of  the 
Division  of  Medical  Sciences,  NAS-NRC,  in  its  Statement 
Concerning  Studies  on  the  Physical,  Chemical,  and  Physi¬ 
ological  properties  of  Certain  Artificial  Macromolecular 
Agents,  dated  26  April  1963,  noted  that,  "It  should  be 
possible  wivhifi  a  relatively  short  time  and  at  com¬ 
paratively  little  cost  to  complete  the  studies  required 
to  document  or  disprove  the  assertion  that  the  standard 
dextran  solution  causes  a  clinically  significant  defect 
in  the  hemostatic  mechanism  in  traumatized  patients," 

Several  military  hospitals  are  cooperating  on  accumu¬ 
lating  blood  loss  figures  from  an  experimental  group  of 
250  patients,  80  of  whom  will  undergo  herniorrhaphy  after 
either  Plasmanate*  or  dextran  administration,  60  colecys- 
tectomy  and  60  radical  mastectomy,  plus  50  to  be  ac¬ 
cumulated  at  this  institution  who  will  undergo  skin 
grafting. 


*  Cutter  Laboratories,  Berkeley,  California. 
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Methods 


Patients  expected  to  undergo  two  or  more  autograft 
procedures  are  chosen  at  random  to  receive  either  Plas- 
manate  or  dextran  (10  cc/kg)  immediately  prior  to  each 
skin  grafting.  The  surgical  sponges  applied  to  the 
donor  sites  are  collected,  washed  in  a  measured  amount  of 
distilled  water,  and  an  aliquot  of  this  is  used  to  deter¬ 
mine  the  hemoglobin  concentrat ion  by  the  cyanmethemo- 
globin  method.  Additional  blood  loss  from  the  donor 
sites  accumulating  in  the  fine-mesh  gauze  dressing  dur¬ 
ing  the  first  24  hours  postoperat i vely  is  estimated  and 
added  to  the  measured  amount  of  surgical  loss.  Donor 
sites  are  then  carefully  measured  and  the  total  square 
inches  of  donor  site  area  calculated, dividing  the  total 
blood  loss  in  cubic  centimeters  by  the  total  donor  site 
area  in  square  inches  to  give  two  figures  for  each  pa¬ 
tient:  (1)  blood  loss  in  cubic  centimeters  per  square 
inch  after  having  had  Plasmanate,  and  (2)  blood  loss  in 
cubic  cen-imeters  per  square  inch  of  donor  site  after 
havina  had  dextran. 

Resul ts 


At  this  writing,  10  matched  pairs  of  figures  have  been 
accumulated,  as  follows: 

Blood  Loss  in  Cubic  Centimeters  Per 
Square  Inch  of  Donor  Site 


Patient  Plasmanate  Dextran 


1 

0.70 

0.64 

2 

0.47 

1.72 

3 

0.84 

1 .62 

k 

1.25 

0.73 

5 

2.17 

1 .24 

b 

1.25 

0.73 

7 

0.50 

2.84 

8 

0. 18 

2.06 

9 

1.10 

2.10 

10 

1.06 

1.78 
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Average  blood  loss  for  Plasmanate  is  0.95,  and  for 
dextran  1.54.  This  difference  is  not  yet  statistically 
s igni f i cant . 

Forty  more  matched  pairs  will  be  accumulated. 

Summary 

Either  dextran  or  Plasmanate  is  given  preoperatively 
to  autograft  patients.  Blood  loss  is  measured  from  the 
donor  site  sponges.  The  10  pairs  of  results  already 
accumulated  do  not  yet  show  a  statistically  significant 
difference.  Results  from  40  more  patients  will  be  ac¬ 
cumulated. 
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Hypoglycemia,  hypoproteinetnia,  hematuria,  oiiguria, 
generalized  petechiae,  icterus,  yellow  atrophy  of  the  liver, 
seizures,  impaired  glycogenolysis,  and  ischemic-like  ECG 
changes  have  been  reported  as  toxic  manifestations  of  phos¬ 
phorus  ingestion  and/or  inhalation.  Nowhere  does  the  litera¬ 
ture  document  systemic  toxicity  secondary  to  absorption  of 
phosphorus  by  way  of  a  burn  wound.  It  has  been  stated, 
however,  that  toxic  quantities  of  yellow  phosphorus  may  be 
absorbed  through  the  skin. 

In  the  past  four  months,  the  Surgical  Research  Unit  has 
acfrnitted  two  patients  with  white  phosphorus  burns  who  have 
manifested  some  of  tne  classically  cited  systemic  stigmata 
of  white  phosphorus  intoxication  (hypoproteinemia,  hematuria, 
and  oliguria).  One  of  these  patients  became  anuric  and  re¬ 
quired  hemodialysis.  Although  the  literature  cites  hepatic 
damage  as  the  most  frequent  sign  of  systemic  poisoning, 
liver  function  studies  remaineo  normal  in  our  patients.  These 
two  patients  manifested  what  appears  to  be  an  entirely  new 
and  different  clinical  picture  with  their  phosphorus  injury: 
hyperphosphatemia  and  intermittent  hyperphosphaturia,  hypo¬ 
calcemia,  bi  1 irubinemia,  hemoglobinemia,  and  hemoglobinuria 
(all  documented  quantitatively).  The  urine  has  been  dark 
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to  red-black,  with  4+  albu.  tin,  4+  occult  blood,  red  blood 
cells  to  numerous  to  count,  and  hemoglobin  casts.  In  these 
phosphorus  burned  patients,  the  red  blood  cell  appears  to 
bear  the  burden  jf  ^oxicity,  not  the  liver,  and  with  the 
massive  hemolysis  that  occurs  kidney  function  is  jeopardized. 

Certain  measurable  clinical  parameters  have  been  examined 
in  all  phosphorus  burned  patients  admitted  to  the  Surgical 
Research  Unit  in  an  effort  to  quantitatively  document  and 
better  characterize  what  appears  to  be  a  heretofore  undescribed 
clinical  syndrome.  Seven  patients  have  been  studied  to  date, 
ana  present  data  are  insufficient  to  make  any  well  defined 
conclusions. 


(1)  White  phosphorus  burn  injury  in  humans 


•3» 
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A  STUDY  OF  WHITE  PHOSPHORUS  BURNS  IN  HUMANS  REGARDING  THE 
QUESTION  OF  RESULTING  SYSTEMIC  PHOSPHORUS  POISONING 

This  project  is  designed  to  study  all  patients  burned 
with  white  phosphorus  to  determine  if  there  is  any  evidence 
of  systemic  toxicity  following  such  injury. 

Hypoglycemia,  hypoproteinemia,  hematuria,  oliguria, 
generalized  petechiae,  icterus,  acute  yellow  atrophy  of  the 
liver,  seizures,  impaired  glycogenolysis,  and  ischemic-like 
ECG  changes  have  been  reported  as  toxic  manifestations  of 
phosphorus  ingestion  and/or  inhalation J "7  Nowhere  does  the 
literature  document  systemic  toxicity  secondary  to  absorp¬ 
tion  of  phosphorus  by  way  of  a  burn  wound.  Toxic  serum 
levels  of  inorganic  phosphorus  have  not  been  established  nor 
have  serum  levels  of  inorganic  phosphorus  been  measured- in 
patients  with  phosphorus  burn  wounds.  Absorption  of  gaseous 
phosphorus  preparations  via  the  intact  skin  has  been  demon¬ 
strated  as  long  ago  as  1950,7  and  in  1949  it  was  found  that 
toxic  quantities  of  yellow  phosphorus  may  be  absorbed  through 
the  skin  and  by  inhalation  of  phosphorus  vapors. 8  It  was 
also  noted  at  this  time  that  the  oxidation  of  phosphorus  in 
the  blood  requires  days. 8  The  smallest  lethal  dose  of  phos¬ 
phorus  in  man  has  been  noted  to  be  50  mg  whereas  in  one 
instance  a  patient  was  known  to  survive  although  he  had  in¬ 
gested  800  mg. 5 

Methods 

In  an  effort  to  better  characterize  this  intriguing 
problem,  the  following  determinations  are  being  made  on  each 
white  phosphorus  burned  patient  admitted  to  the  Surgical 
Research  Unit:  (Items  3-9  are  being  investigated  on  ad¬ 
mission  and  on  the  4th,  9th  and  14th  postburn  days.) 

1 .  Dai 1y  urinalysis  . 

2.  Daily  qualitative  urinary  urobilinogen  (quantita¬ 
tive  if  positive). 

3.  Coombs'  test,  both  direct  and  indirect. 

4.  Serum  phosphorus  and  calcium  and  urinary  calcium 
and  phosphorus. 

5.  Blood  sugar. 

6.  Total  proteins  and  AG  ratio. 

7.  Thymol  turbidity. 

8.  Prothrombin  time. 

9.  Bilirubin. 
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10.  Electrocardiogram  daily,  initially,  to  determine  if 
there  are  any  ischemic  changes. 

11.  Portable  electroencephalogram  for  any  patient  showing 
signs  of  central  nervous  system  toxicity  and/or  papilledema- 

12.  CSF  glucose  where  feasible  and  advisable  (It  has 
been  shown  that  the  absence  of  sugar  irt  otherwise  normal 
cerebrospinal  fluid  is  pathognomonic  of  phosphorus  poisoning.'). 

13.  Where  indicated,  G$PD  deficiency  and  hemoglobin¬ 
opathies  will  be  investigated. 

14.  Where  indicated,  plasma  hemoglobin,  serum  hapto¬ 
globin,  and  urine  hemoglobin. 

Results 


Seven  patients  have  thus  far  been  studied,  three  of  these 
thoroughly.  Coombs'  studies  have  been  entirely  negative 
throughout  except  for  one  3+  positive  indirect  reaction  seen 
on  the  fourth  po?tburn  day  in  a  17  per  cent  burn  (four  per 
cent  third  degree).  Urine  urobilinogen  has  been  consistently 
negative  qualitatively  or  within  normal  limit  quantitatively. 
There  has  been  a  decrease  seen  in  the  albumin  fraction  of 
serum  proteins  during  the  first  week  postborn.  Both  total 
and  direct  bilirubin  was  increased  up  to  two  weeks  after 
injury  in  two  of  the  patients.  In  two  of  the  patients,  serum 
phosphorus  and  calcium  were  increased  and  decreased,  respec¬ 
tively,  for  seven  days  in  one  case  and  21  days  in  the  other. 

In  the  past  four  months  this  Unit  has  admitted  two  patients 
with  white  phosphorus  burns  who  manifested  some  of  the  classi¬ 
cally  cited  systemic  stigmata  of  white  phosphorus  intoxication-- 
ue.,  hypoproteinemia,  hematuria,  and  oliguria.  One  of  these 
patients  became  anuric  and  required  hemodialysis.  Although 
the  literature  cites  hepatic  damage  as  the  most  frequent 
sign  of  systemic  poisoning,  liver  function  studies  have  re¬ 
mained  within  normal  limits  in  the  Surgical  Research  Unit 
patients.  These  two  patients  have  manifested  what  appears 
to  be  an  entirely  new  clinical  syndrome  with  their  phosphorus 
injury.*  hyperphosphatemia,  intermittent  hyperphosphaturb, 
hypocalcemia,  bi 1 i rubinemia,  hemoglobinemia,  and  hemoglobin¬ 
uria.  (All  have  been  documented  quantitatively.)  The  urine 
has  been  dark  to  red-black  with  4+  albumin,  4+  occult  blood, 
and  red  bloo*  cells  too  numerous  to  count  with  hemoglobin 
casts  present.  In  these  patients,  the  red  blood  cell  appears 
to  bear  the  burden  of  toxicity,  not  the  liver,  and  with  the 
massive  hemolysis  that  occurs,  kidney  function  is  jeopardized. 
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Although  there  are  insufficient  data  to  date  to  make  any 
conclusions,  this  study  will  continue  I . .  er'w  to  better 
characterize  what  appears  to  be  a  new  and  heretofore  undescribed 
clinical  syndrome. 
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Broofce  teneral  Hospital. 
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The  primary  responsibility  of  the  Trauma  Study  Branch 
of  theUSArmy  Surgical  Research  Unit  is  to  perform  clinical 
investigations  on  patients  with  severe  physical  trauma. 
Since  only  a  few  patients  have  been  available  for  clinical 
study,  the  investigators'  activities,  for  the  most  part, 
have  been  diverted  elsewhere,  primarily  to  laboratory 
investigations  and  to  the  treatment  and  study  of 
thrombophlebitis. 


(1)  Trauma 

(2)  Thrombophlebitis 

(3)  Crush  Injury 
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CLINICAL  OPERATION,  TRAUMA  STUDY  BRANCH 


It  is  the  purpose  of  the  Trauma  Study  Branch  to  study 
the  physiological  changes  that  occur  in  patients  with 
severe  traumatic  injury.  Subordinate  objectives  have 
been  the  study  of  crush  injury  and  of  thrombophlebitis. 

Because  of  a  lack  of  trauma  patients  at  this  insti¬ 
tution,  the  investigators  have  attempted  to  establish  a 
working  relationship  with  the  Robert  B.  Green  Hospital  to 
obtain  patients  suitable  for  the  study  of  traumatic  in¬ 
juries.  In  doing  so;  they  have  attended  weekly  con¬ 
ferences  at  the  Robert  B.  Green  Hospital,  Including 
Surgical  Grand  Rounds,  and  also  have  held  a  course  in 
Surgical  Physiology  for  the  surgical  residents  during 
the  first  half  of  the  year.  Despite  an  agreement  to 
initiate  a  study  program  of  trauma  patients  with  the 
Robert  B.  Green  Hospital,  such  was  not  possible  because 
of  a  limited  resident  staff  at  the  Robert  B.  Green  during 
the  period  of  this  report.  A  few  cardiac  output  studies, 
blood  volume  studies,  and  blood  gas  studies  have  been  done 
on  patients  from  Brooke  General  Hospital  Surgical  Service, 
but  suitable  patients  have  been  infrequent.  Efforts  are 
being  continued  to  obtain  suitable  material. 

During  the  period  covered  by  this  report,  16  patients 
have  been  admitted  to  the  Trauma  Study  Branch,  Ward  138. 
These  include  11  patients  with  thrombophlebitis,  and  one 
patient  each  for  crush  injuries  plus  renal  shutdown, 
muscle  necrosis  and  renal  shutdown,  a  retained  foreign 
body,  a  stab  wound,  and  one  patient  was  admitted  as  a 
skin  donor.  Five  patients  received  operations  including 
two  ileofemnrai  venous  thrombectomies,  removal  of  foreign 
body,  a  fasc iotomy ,  and  a  multiple-staged  procedure  for 
excision  of  necrotic  muscle  in  a  patient  with  crush  injury. 

There  have  been  two  publications  during  the  period 
covered  by  this  report  relevant  to  clinical  patients, one 
involving  crush  injury  ehd  the  other  thrombophlebitis. 

Both  of  these  are  included  as  part  of  this  report. 

in  addition  to  the  above  activities,  the  investigators 


24-2 


have  been  actively  engaged  in  research  projects  which  are 
reported  elsewhere  in  this  volume.  They  have  also  provided 
surgical  consultation  for  the  Renal  Branch,  including  the 
performance  of  arteriovenous  shunts,  and  have  provided  out¬ 
patient  and  inpatient  consultation  service  for  patients 
with  thrombophlebitis  seen  by  other  services. 
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The  clinical  picture  of  crush  syndrome  is  character¬ 
istic  and  was  carefully  observed  and  recorded  during 
World  War  II.  The  intervening  years,  however,  during 
which  such  injuries  have  occurred  rarely  have  dimmed  the 
general  appreciation  of  this  problem  among  physicians. 
Because  of  the  advent  of  the  artificial  kidney  even  severe 
examples  of  this  injury  can  survive  with  treatment  and 
will  probably  present  the  surgeon  with  the  problems  of 
massive  debridement,  in  which  the  time  of  debridement,  the 
question  of  staged  versus  total  excision,  and  the  dif¬ 
ficulty  of  large  fluid  loss  and  secondary  hemorrhage 
will  present  themselves.  The  experimental  work  engendered 
by  World  War  II  has  continued  in  the  interim  and  is  still 
going  on  at  the  present  time,  but  the  lack  of  large  num¬ 
bers  of  patients  since  that  time  has  resulted  in  few,  if 
any,  clinical  trials  of  methods  which  have  shown  some 
promise  in  the  laboratory.  It  is  felt  that  at  the  present 
time  sufficient  evidence  is  available  to  warrant  the  follow¬ 
ing  program  of  management  in  an  attempt  to  prevent  renal 
injury  secondary  to  crush  syndrome: 
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1.  Every  effort  should  be  made  to  have  a  physician 
present  at  the  site  of  the  accident  before  the  patient  i s 
extricated. 

2.  Intravenous  fluid  therapy  should  be  started  before 
the  crushed  limbs  are  released. 

3.  Following  release  of  the  limb  it  should  be  dressed 
with  a  compression  bandage  to  inhibit  sudden  release  of 
flood  of  myohemoglobin  into  the  circulation. 

4.  Serious  consideration  must  be  given  to  immediate 
administration  of  a  renal  vasodilator  or  adrenergic 
blocking  agent. 

5.  The  use  of  alkalizing  agents  and  osmotic  diuretics 
have  some  experimental  evidence  to  support  their  use  and 
should  a  1  so  be  considered. 

6.  The  optimum  time  for  initial  surgical  debridement 
has  not  been  determined;  this  must  be  determined  by  the 
surgeon  on  the  basis  of  h;s  judgment  of  the  facts  at 

hand  as  they  apply  to  his  particular  patient. 


(1)  Crush  injury 

(2)  Renal  Fai lure 
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CRUSH  INJURY 


Although  crush  injury  has  probably  been  observed  and 
treated  by  physicians  as  long  as  there  have  been  people 
and  physicians,  the  recognition  of  the  syndrome  and  most 
of  its  ramifications  did  not  occur  until  World  War  II  when 
relatively  great  numbers  of  patients  were  crushed,  es¬ 
pecially  in  England  during  the  air  blitz.  At  this  time, 
Bywaters  3-9  in  London  directed  his  attention  toward  a 
group  of  patients  characterized  by  a  history  of  having 
been  buried  beneath  debris  for  several  hours,  often  with 
compression  of  a  limb  by  fallen  masonry.  His  description 
of  the  clinical  firding  is  lucid,  concise,  and  complete; 
and  one  reading  of  his  work  will  more  than  likely  impart 
a  lifetime  ability  to  recognize  the  disease  entity  when 
confronted  with  it.  The  salient  features  include  gradual 
loss  of  sensation  and  paralysis  of  the  pinned  extremity, 
tense  swelling  shortly  after  release  from  the  crushing 
force,  and  either  no  skin  changes  or  patchy  erythematous 
areas  occasionally  progressing  to  blister  formation.  The 
blood  pressure  is  satisfactory  initially,  but  shock  may 
supervene  over  a  period  of  hours  and  is  almost  invariably 
responsive  to  fluid  therapy.  At  this  time  hemoglobin 
values  may  climb  to  as  high  as  22  gm/100  ml.  The  first 
urine  passed  is  colored.  The  urine  volume  progressive!, 
decreases  and  nitrogen  retention  occurs  in  severe  cases. 

Approximately  two-thirds  of  the  patients  in  Bywaters' 
series  died  toward  the  end  of  the  first  week.  He  noted 
that  death  usually  occurred  suddenly  and  was  occasionally 
preceded  by  cardiac  irregularities.  At  autopsy,  the 
muscles  involved  in  the  crushed  area  were  noted  to  be 
remarkably  pale  and  the  renal  tubules  were  filled  with 
brownish  pigment.  These  two  facts  were  put  together 
by  Bywaters  and  coworkers  and  an  attempt  was  made  to 
identify  the  pigment  in  the  urine.  Using  a  Hartridge 
reversion  spectroscope,  they  were  able  to  satisfy  them¬ 
selves  that  the  pigment  was  myohemoglobin.  Analysis  of 
undamaged  muscle  and  damaged  muscle  from  the  same  patient 
revealed  that  the  damaged  muscle  had  lost  75  per  cent 
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of  its  pigment  and  66  per  cent  of  its  potassium.  The 
problem  was  then  carried  to  the  laboratory.  Using  rabbits, 
whose  muscles  contain  no  myohemoylob in,  it  was  found  that 
crush  injury  to  the  muscles,  produced  by  tight  winding  of 
rubber  tubing,  resulted  in  all  the  characteristics  of 
crush  syndrome  in  man  except  myonemoglobinuria  and  renal 
failure.  Renal  failure  could  be  produced  in  the  rabbit, 
however,  if  human  myohemoglobin  was  injected  and  the  urine 
made  acid. 

The  following  is  a  case  history  of  classical  crush 
syndrome  incurred  in  the  Vietnamese  war.  On  10  February 
1965,  the  barracks  at  Qui  Nhon  Airfield,  Viet  Nam,  was 
blown  up  by  the  Viet  Cong.  Among  the  injured  was  a  20- 
year-old  American  soldier  who  was  buried  in  the  rubble 
for  20  hours  before  he  could  be  extricated.  Initial 
evaluation  revealed  that  the  left  leg.  buttocks  and  flank 
had  been  pinned  beneath  masonry  resulting  in  moderate 
swelling  and  paralysis  of  the  left  leg.  On  arrival  ai. 
the  Eighth  Field  Hospital,  he  was  evaluated  and  over  the 
next  24  hours  given  5,000  ml  of  fluid.  At  no  time  was 
he  observed  to  be  in  shock. 

Several  hours  following  admission,  300  ml  of  dark 
brown  urine  was  obtained  by  catheter izat ion.  In  the 
next  24  hours,  urine  output  was  167  ml  and  the  diagnosis 
of  renal  shutdown  was  made.  He  was  air  evacuated  to 
Tachikawa  AFB  Hospital  where  a  Quinton  Silastic 
shunt  system  was  put  in  place,  and  hemodialysis  was 
performed  five  times  in  the  first  eight  postinjury  days. 
Despite  this,  on  four  of  these  eight  days  potassium  levels 
of  7.0  mEq/L  or  higher  were  recorded.  During  this  period 
of  time,  the  paralysis  of  his  left  leg  continued,  and  a 
brawny  swelling  of  the  left  buttocks  and  flank  with  bruises 
was  evident.  He  was  then  transferred  to  the  US  Army  Sur¬ 
gical  Research  Unit,  Fort  Sam  Houston,  Texas,  arriving  on 
his  eleventh  postinjury  day,  having  had  hemodialysis  per¬ 
formed  at  Travis  AFB  en  route.  On  admission,  the  patient 
was  somnolent,  and  had  a  low-grade  fever  which  had  been 
present  since  his  sixth  poet,  injury  day.  The  left  leg 
was  completely  paralyzed  and  the  buttocks  and  flank  were 
edematous.  Patchy, erythematous  areas  intermixed  with 
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bruises  of  the  skin  were  present.  He  was  hemodialyzed 
on  the  eleventh  postinjury  day  which  dropped  his  non¬ 
protein  nitrogen  from  159  mg  to  56  mg  per  100  ml.  Serum 
potassium  level  decreased  from  5.5  mEq/L  to  4.8  mEq/L. 

His  clinical  course  appeared  relatively  benign  during  this 
period  of  time;  however  on  the  riurteenth  postinjury  day 
blood  cultures  were  reported  positive  for  beta  hemolytic 
streptococci  and  staphylococci.  At  this  time  Prostaphlin 
was  added  to  the  penicillin  and  streptomycin  the  patient 
was  already  on.  Examination  of  the  left  buttocks  on  the 
fifteenth  postinjury  day  revealed  an  area  of  possible 
fluctuance  which  yielded  purulent  material  upon  aspira¬ 
tion.  Smear  revealed  gram-positive  cocci.  On  that  day 
the  patient  was  taken  to  the  operating  room,  and  under 
general  anesthesia  the  fluctuant  area  was  Incised.  An 
abscess  pocket  containing  approximately  200  ml  of  pus  was 
drained  without  difficulty;  however  exploration  revealed 
that  the  muscle  in  the  gluteal  area  was  pale  yellow  and 
necrotic  wherever  it  could  be  seen.  The  incision  was 
extended  superiorly  onto  the  flank  and  inferiorly  to  the 
inferior  gluteal  fold.  All  muscle  visualized  was  necrotic. 
Large  portions  of  the  gluteus  maximus  muscle  were  de- 
brided  and  the  wound  was  left  open.  Following  this  pro¬ 
cedure,  multiple  blood  cultures  became  negative  and  re¬ 
mained  so.  Hemodialysis  was  performed  that  night  using 
regional  heparinization.  The  following  day  the  dressing 
was  soaked  with  blood  necessitating  clamping  of  several 
bleeders  and  the  administration  of  500  ml  whole  blood. 

On  the  seventeenth  post  injury  day,  he  was  dialyzed  for 
the  last  time.  Urine  output  was  600  ml  on  the  eighteenth 
postinjury  day,  and  he  continued  on  through  an  uneventful 
diuretic  phase. 

The  wound  was  debrided  under  general  anesthesia  on 
the  nineteenth  and  twent"-fir$t  postinjury  days  with  large 
amounts  of  necrotic  gluteal  and  paraspinal  musculature 
being  removed.  (Fig.  1.)  The  wound  was  dressed  open  and 
dressing  changes  and  debridement  were  done  on  the  ward 
from  that  time  onward.  On  the  twenty-third  and  twenty- 
fifth  postinjury  days,  the  patient  bled  suddenly  and 
briskly  from  a  branch  of  the  gluteal  artery.  Both  epi¬ 
sodes  were  associated  with  drops  in  blood  pressure  and 


'*■**’* 


25-5 


required  500  and  2,000  ml  of  blood  respect ivsly.  The  large 
open  wound  with  irregular  surfaces,  exposed  iliac  fossa, 
and  deep  pockets  was  debrided  daily  and  treated  with  wet 
soaks  on  the  ward.  (Fig.  2.)  Fluid  loss  from  the  wound 
was  estimated  and  replaced  at  as  high  as  3,000  ml  daily 
before  homogiafting  was  started.  On  the  fortieth  post¬ 
injury  day,  the  first  of  a  series  of  homografting  pro¬ 
cedures  was  performed  after  approximating  the  skin  flaps 
with  butterfly  bandages.  (Fig.  3.)  On  his  sixty-ninth 
postinjury  day,  the  remaining  area  was  autografted  with 
a  successful  take.  The  function  of  the  femoral  nerve  had 
largely  returned  and  function  of  the  sciatic  nerve  was 
showing  signs  of  very  early  positive  return.  The  patient 
was  ambulatory  with  crutches  and  because  of  proximity  to 
his  home,  was  transferred  to  Walter  Reed  Army  Hospital 
for  further  rehabilitation.  (Fig.  4). 

Discussion 

Several  cardinal  manifestations  of  the  crush  syndrome 
were  present  in  this  case.  As  Bywaters^  pointed  out, 
large  areas  of  crush  involving  the  trunk  frequently  go 
relatively  unnoticed  because  of  the  absence  or  mildness 
of  the  overlying  skin  changes.  Paralysis  of  the  involved 
extremity  was  characteristic  in  the  series  of  Bywaters3 
and  others^  and  was  present  in  this  case.  The  first  urine 
obtained  was  reddish  brown  in  color  as  would  be  expected. 
It  has  been  pointed  out'5  that  as  a  result  of  crushed 
tissue,  the  NPN  may  rise  at  four  times  the  rate  and  potas¬ 
sium  at  twice  the  rate  one  might  expect  in  renal  failure 
unassociated  with  this  type  of  trauma,  it  is  felt  that 
the  frequent  necessity  for  dialysis  early  In  this  pa¬ 
tient's  course  was  due  in  part  to  this  factor.  In  ad¬ 
dition,  this  patient  presented  a  problem  rarely  en¬ 
countered  in  the  World  War  II  experience,  that  is,  the 
necessity  for  massive  debridement  of  necrotic  muscle. 
Without  the  benefit  of  the  artificial  kidney,  ap¬ 
proximately  two-thirds  of  the  patients  with  crush  syndrome 
succumbed  witnin  seven  to  ten  days.  The  large  amounts 
of  necrotic  muscle  did  not  give  rise  to  any  apparant 
complication  during  that  period  of  time  end  usually  thare 
was  no  operative  debridement.  (In  the  present  case. 
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sepsis  did  not  become  evident  until  approximately  the 
fourteenth  postinjury  day.)  Those  who  survived  ap¬ 
parently  had  smaller  amounts  of  neciotic  muscle  because 
it  is  described  as  eventually  calcifying  and  leading  to 
little  if  any  difficulty. 

This  patient  was  handled  with  staged  debridement. 

Once  the  abscess  was  drained,  the  patient's  condition 
improved  and  he  tolerated  subsequent  excisions.  It  was 
felt  that  an  attempt  to  excise  the  entire  amount  of 
necrotic  muscle  at  one  time  would  have  been  too  much 
operative  trauma  although  this  opinion  was  not  unanimous. 
The  possibility  of  early  excision  of  necrotic  muscle, 
within  hours  of  the  injury,  apparently  has  not  been 
evaluated  although  BywatersS  mentions  a  case  where  am¬ 
putation  of  the  crushed  extremity  at  36  hours  was  of 
no  avai 1 . 

The  investigative  work  in  the  field  of  crush  Injury 
has  followed  the  classical  line  of  first  attempting  to 
ol  line  the  pathoph/S ioiogy  and  then  apply  therapeutic 
methods  according  to  this  knowledge.  Bywaters^  felt 
that  the  crushed  muscle  liberated  myohemoglobin  which 
was  then  fed  in  large  amounts  into  the  circulation  upon 
release  of  the  crushing  force.  The  myohemoglobin  was 
then  felt  to  be  filtered  into  the  urine,  concentrated  and 
precipitated  in  the  distal  tubules  as  casts  which  caused 
obstruction  and  tubular  degeneration.  Baker  and  Dodds* 
had  pointed  out  as  early  as  1925  that  in  acid  urine  the 
myohemoglobin  was  precipitated  as  acid  hematin. 

Bywaters^  felt  that  the  primary  damage  caused  by  the 
pigment  was  probably  due  to  a  direct  toxic  effect  more 
then  an  effect  secondary  to  obstruction.  Corcoran  and 
Page  in  19^5  ®  studied  crush  syndrome  experimentally  and 
felt  that  in  addition  to  pigment  in  tfie  tubules,  renal 
v.  onstriction  was  necessary  to  get  lower  nephron 
nephrosis.  In  an  extensive  study,  they  noted  that  de¬ 
hydration,  large  doses  of  diuretics,  and  alkalizing 
agents  such  as  sodium  bicarbonate  or  sodium  citrate  were 
harmful  or  of  no  help.  Moderate  amelioration  of  the 
syndrome  was  noted  with  the  use  of  small  doses  of 
diuretics  such  as  mannitol,  infusions  of  gelatin  and 
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compression  of  the  crushed  leg  after  removal  of  the  crush¬ 
ing  force  Patey  and  Robertson'4  had  reported  excellent 
results  with  compression  treatment  of  crush  injuries  of 
limbs  in  1941.  In  1958,  Powers,  et  aj_.,l6  confirmed  the 
decrease  in  renal  blood  flow  that  accompanies  crush  type 
injuries  and  reported  amelioration  of  the  syndrome  with 
surgical  denervation,  vasodilators  and  laterll  mannitol. 
Thompson  and  Campbell  17  in  1959  found  that  perfusion  of 
art  ischemic  limb  with  dextran  before  re-establishing  cir¬ 
culation  resulted  in  decreased  levels  of  hemogl  in  and 
myohemoglobin  in  blood  and  urine.  Li  twin,  et  a  i . ,  12 
in  I960  found  that  the  administration  of  acid  hemaJn 
alone  did  not  produce  renal  failure  but  that  acid  hematin 
given  in  the  presence  of  dehydration,  renal  vasoconstric¬ 
tion  or  renal  ischemia  produced  acute  renal  failure  in 
dogs,  Mehl,  jet  aj_.  ,13  in  1964  found  that  they  could 
prevent  shock, prevent  renal  changes,  and  lower  mortality 
following  five-hour  crush  injuries  to  dogs  by  ad- 
mini  ster ing  THAM. 

Conclusions 


The  clinical  picture  of  crush  syndrome  is  charac¬ 
teristic  and  was  carefully  observed  and  recorded  during 
World  War  II.  The  intervening  years,  however,  during 
which  such  injuries  have  occurred  rarely  have  dimmed  the 
general  appreciation  of  this  problem  among  physician". 
Because  of  the  advent  of  the  artificial  kidney  even 
severe  examples  of  this  injury  can  survive  with  treatment 
and  will  probably  present  the  surgeon  with  the  problems 
of  massive  debridement,  in  which  the  time  of  debridement, 
the  question  of  staged  versus  total  excision,  and  the 
difficulty  of  large  fluid  loss  and  secondary  hemorrhage 
will  present  themselves.  The  experimental  work  en¬ 
gendered  by  World  War  II  has  continued  in  the  interim 
and  is  still  going  on  at  the  present  time,  but  the  lack 
of  large  numbers  of  patients  since  that  time  has  resulted 
in  few,  if  any,  clinical  trials  of  methods  which  have 
shown  some  promise  in  the  'aboratory.  It  is  felt  that 
at  the  present  time  sufficient  evidence  is  available  to 
warrant  the  following  program  of  management  in  an  attempt 
to  prevent  renal  injury  secondary  to  crush  syndrome: 
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1.  Every  effort  should  be  made  to  have  a  physician 
present  at  the  site  of  the  accident  before  the  patient 
is  extricated. 

2.  Intravenous  fluid  therapy  should  be  started  before 
the  crushed  limbs  are  released. 

3.  Following  release  of  the  limb,  it  should  be  dressed 
with  a  compression  bandage  to  inhibit  sudden  release  of  a 
flood  of  myohemoglobin  into  the  circulation. 

4.  Serious  consideration  must  be  given  to  immediate 
administration  of  a  renal  vasodilator  or  adrenergic  block¬ 
ing  agent. 

5.  The  use  of  alkalizing  agents  and  osmotic  diuretics 
have  some  experimental  evidence  to  support  their  use  and 
should  also  be  considered, 

6.  The  optimum  time  for  initial  surgical  debridement 
has  not  been  determined;  this  .n\>t  be  determined  by  the 
surgeon  on  the  basis  of  his  judgment  of  the  facts  at  hand 
as  they  apply  to  his  particular  patient. 
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Renal  failure,  hemodialysis,  peritoneal  dialysis 


M(U)  Tech  Objective  -  Cara  for  acuta  post- traumatic  renal  failure,  evaluate  and  test 
new  techniques  and  develop  naw  concepts. 

(U)  Approach  •  Chronic  cannulation,  peritoneal  dialysis,  ate.  Evaluated  on  basis  of 
clearance  and  clinical  course  of  the  patient. 

"(U)  Progress  (Jan  65-Dec  65)  -  Thirteen  patients  were  treated  for  renal  failure. 

This  represented  1568  patient  days  of  hospl tal  Uation,  the  largest  total  In  the  past 
10  years  of  operation  of  the  Renal  Drench.  During  1 96 j,  217  heaodlalyses  were  per¬ 
formed.  the  largest  yearly  total  In  the  past  10  years;  190  of  the  217  hemodialyses 
(87-5 X)  were  performed  In  the  three  patients  with  chronic  renal  failure.  Nine 
patients  with  acute  renal  failure  were  treated  during  the  year  with  a  67%  survival 
rate.  In  this  group,  27  hemodialyses  and  371  peritoneal  dialyses  were  performed. 

The  mainstay  of  therapy  In  the  severely  111  hypercatabol Ic  patient  remains  the 
ulravenol  Twin-Coil  Artificial  Kidney.  Several  of  the  patients  with  saieller  Increments 
of  nitrogen  accumulation  were  managed  successfully  with  peritoneal  dialysis  alone.  The 
prophylactic  dialysis  protocol  has  been  adhered  to  In  alt  cases. 
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Thirteen  patients  with  renal  failure  were  treated  in  the 
Renal  Branch  in  1965.  Twenty-seven  hemodialyses  and  371 
peritoneal  dialyses  were  performed  on  nine  patient'  with 
acute  renal  failure.  Six  of  these  patients  survived.  One 
hundred  ninety  hemodialyses  were  performed  on  three  patients 
with  chronic  renal  failure.  One  patient  has  had  98  hemo¬ 
dialyses  in  1965,  and  a  total  of  119  hemodialyses  and  457 
peritoneal  dialyses  during  604  days  of  oliguria.  A  second 
patient  has  had  66  hemodialyses  in  1965;  he  has  had  74  hemo¬ 
dialyses  during  437  days  of  oliguria.  A  third  patient  died 
on  the  200th  day  of  oliguria  after  26  henodlalyses. 

One  hundred  seventy-seven  hemodialyses  were  performed  with 
the  Travenol  Twin-Coil  Artificial  Kidney;  40  hemodialyses  were 
done  with  the  Two-Layer  Kill  ilemodialyzer .  The  failure  rate 
of  the  Travenol  Twin-Coi 1 s  was  six  per  cent  compared  to  a  44 
per  cent  failure  rate  with  the  Kill  hemodialyzer. 

The  Quinton  Silastic-Teflon  Cannula  System  was  used  ex¬ 
clusively.  The  two  surviving  patients  with  chronic  renal 
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faU,re  have  ^  successfully  functioning  arterial  cannulae 
in  p?  e  . or  424  and  ?67  days,  respectively.  The  current 
venous  cannulae  have  been  functional  for  244  days  and  103 
day  .  especti vely.  Quinton  cannulae  have  been  success™ 
fuHy  employed  in  four  patients  with  acute  renal  failure. 


# 


(1)  Renal  failure 
(l)  HeftodUlysfs 
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CLINICAL  OPERATION,  RENAL  CENTER 


Thirteen  patients  were  treated  for  renal  failure  at 
the  Renal  Branch  during  1965.  This  report  reviews  the 
course  of  these  patients  and  the  clinical  results  with  the 
dialysis  procedures  performed  during  the  report  period. 

Case  Reports 

Acute  Renal  Failure 


Patient  1.  A  19-year-old  Negro  female  with  sickle 
cell  anemJa  developed  acute  renal  failure  following  post¬ 
partum  shock.  She  subsequently  developed  progressive 
nephrocalcinosis  and  shrinkage  of  the  kidneys,  suggesting 
the  diagnosis  of  bilateral  renal  cortical  necrosis.  This 
patient  is  discussed  in  the  report  entitled,  "Postpartum 
Acute  Renal  Failure  (Bilateral  Renal  Cortical  Necrosis) 
Associated  with  Sickle  Cell  Anemia",  elsewhere  in  this 
vol  ume . 

Patient  2.  This  SQ-year-old  Negro  female  had  a 
history  of  Hypertension  first  noted  in  February  1965. 

At  that  time,  the  BUN  was  26  mg%  and  serum  creatinine 
1.4  mg%,  Blood  pressure  was  170/110  mmHg.  fhe  patient 
was  admitted  to  the  hospital  in  Hay  1965  because  of 
rapidly  progressive  azotemia.  At  the  time  of  this  ad¬ 
mission,  BUN  was  152%,  serum  creatinine  14.8  mg%.  A  left 
renal  biopsy  was  attempted  on  27  Hay  1965#  which  yielded 
no  tissue.  Following  the  biopsy  attempt,  the  patient  had 
an  episode  of  bleeding,  most  of  which  was  confined  to 
Gerota's  space.  Her  subsequent  course  was  one  of  rapidly 
progressive  oliguric  renal  insufficiency.  Total  anuria 
was  present  for  the  final  28  days  of  life.  During  the 
hospital  course,  124  instillations  of  paritonaal  dialysate 
were  required.  The  patient  expired  on  tha  72nd  poat- 
onset  day.  Autopsy  ravealed  renal  changes  compatible  with 
the  diagnosis  of  acute  glomerulonephritis.  There  was  also 
evidence  of  advanced  arteriolar  nephrosclerosis. 

Patient  3»  A  20-year-old  white  male  Sp4  was  Injured 
in  s  tomb  explosion  in  Viet  Nam  on  *,0  February  1965.  Ha 
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was  trapped  under  debris  for  20  hours.  During  the  ensuing 
21 -day  period  of  oliguria,  the  patient  was  hemodialyzed  10 
times  with  the  Travenol  TWin-Coil  Kidney. 

Patient  4.  This  34-year-old  Latin  American  female 
developed  acute  renal  failure  following  postpartum  hemorrhage 
and  shock.  The  patient  had  a  very  mild  course  with  day  of 
diuresis  on  Day  8.  No  dialyses  were  required. 

Patient  5.  A  49-year-old  white  male,  retired  Navy 
corpsman  was  treated  initially  at  Wright  Patterson  AF8 
Hospital  for  seven  days  prior  to  admission.  On  11  April 
1965,  the  patient  developed  fever,  rigors,  nausea,  vomiting, 
diarrhea,  and  lower  abdominal  pain.  In  the  Emergency  Room, 
the  patient  was  noted  to  have  right  lower  quadrant  and  supra¬ 
pubic  pain.  Temperature  was  10 1 0,  and  urinalysis  revealed 
3+  albumin,  3*6  white  blood  cells,  and  red  blood  cells  too 
numerous  to  count.  He  was  begun  on  Gantrisin  andPyridium  and 
sent  home.  Urine  culture  subsequently  grew  E.  col i .  His 
symptoms  persisted  in  spite  of  this  therapy, ""and  the  patient 
returnee  to  the  Emergency  Room  at  Wright  Patterson  AF8  Hos¬ 
pital  on  16  April  1965,  where  he  was  found  to  be  acutely  ill. 
Later  that  evening,  the  patient  underwent  an  exploratory 
laparotomy.  A  ruptured  appendix  with  subphrenic  and  sub- 
hepatic  abscesses  was  found  and  appropriate  drainage  es¬ 
tablished.  The  patient  subsequently  became  severely  oli¬ 
guric  and  was  transferred  to  the  Renal  Branch  of  the  Sur¬ 
gical  Research  Unit,  During  the  next  11  days  of  life,  the 
patient  underwent  seven  hemodialyses.  However,  he  suc¬ 
cumbed  to  his  overwhelming  infection.  At  autopsy,  purulent 
peritonitis,  subdiaphragmatic  abscess,  and  bronchopneumonia 
were  found. 

Patient  6.  This  60-year -ol d  whi te  female  had  a  long 
history  6/  chronic  bronchiectasis  and  several  hemoptysis  in 
the  past.  In  Hay  196$*  the  patient  had  a  massive  hemoptysis 
associated  with  marked  tachycardia,  respiratory  distress, 
and  hypotension.  Following  tracheotomy  and  blood  replace¬ 
ment,  the  patient's  condition  stabilized.  Howe-^t,  oliguria 
ensued  and  the  patient  was  transfarrad  from  Fort  Hood  Army 
Hospital  to  the  Surgical  Research  Unit.  During  the  following 
16  days  of  oliguria,  the  patient  underwent  four  hemodialyses 
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with  the  TWin-Coil  Kidney  and  had  an  uneventful  recovery. 
The  patient  was  transferred  back  to  her  referring  hos¬ 
pital  for  further  evaluation  and  treatment  of  her  pul¬ 
monary  disease. 

Patient  7.  A  4G-year-o1d  white  male  sustained  a  50 
per  cent  total  body  burn  (30.5  per  cent  third  degree)  on 
30  July  i 965  in  e  plane  crash.  The  patient  was  without 
aid  of  any  sort  for  36  hours  postinjury.  When  initially 
seen,  in  Anchorage,  A.aska,  the  left  foot  was  considered 
nonviable  and  disarticulation  at  the  left  knee  was  per¬ 
formed  on  1  August  l 965.  Because  of  oliguria  and  hyper¬ 
kalemia,  the  patient  was  transferred  to  the  Surgical 
Research  Unit.  During  the  remaining  six  days  of  life, 
the  patient  received  63  peritoneal  exchanges.  However, 
the  burn  wound  on  his  back,  buttocks,  and  hip  had  ob¬ 
vious  bacterial  invasion.  The  stump  of  the  left  knee 
was  grossly  necrotic.  The  patient  died  of  overwhelming 
sepsis. 

Patients  8  and  9.  Two  young  Army  recruits  developed 
acute  renal  /aViure  fol lowing  recovery  from  heat  stroke. 
These  patients  are  discussed  in  the  report  entitled, 

'Tteat  Stroke  and  Acute  Renal  Failure",  elsewhere  in  this 
report. 

Chronic  Renal  Failure 


Patient  1.  This  25-year-old  white  male  with  Good- 
pa  sture^TTyndrcme  was  initially  described  in  the  USASRU 
Annual  Research  Progress  Report  of  30  June  1965.  During 
the  past  year,  the  patient  has  had  a  total  of  98  hemo¬ 
dialyses  (67  Travenol  TWin-Coil,  31  TWo-layer  Kill)  A 
detailed  discussion  of  this  patient's  course  is  described 
elsewhere  in  this  report  under  the  title,  "Goodpasture's 
Syndrome-. Prolonged  Survival  with  Chronic  Hemodialysis." 

Patient  2.  This  32-year-old  Latin  American  male  was 
also  described  In  the  USASRU  Annual  Research  Progress 
Report  of  30  June  1965.  During  the  past  year,  the  patient 
has  had  66  hemodialyses  (57  Twin-Coil,  9  TWo-Layer  Kiil). 
He  has  now  been  oliguric  for  437  days  and  has  presented  no 
serious  problems  of  management. 
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Patient  3.  This  23-year-old  white  male  was  previously 
described  (Case  12)  in  the  report  entitled,  "Clinical 
Operation,  Renal  Center",  in  the  USASRU  Annual  Research 
Progress  Report  of  30  June  1965.  This  patient  had  a  diag¬ 
nosis  of  chronic  glomerulonephritis  made  seven  years  be- 
for  transfer  to  the  Surgical  Research  unit,  and  was  known 
to  have  had  hypertension  and  azotemia  for  one  year  prior 
to  admission.  In  1964,  the  patient  was  hemodialyzed 
15  times  and  had  145  peritoneal  exchanges.  Throughout  the 
first  four  months  of  1965,  the  patient  was  hemodialyzed 
26  times.  Despite  adequate  dialysis,  the  patient  con¬ 
tinued  to  have  severe  hypertension  which  did  not  respond 
well  to  drug  therapy.  The  patient  expired  on  11  April 
1965,  following  an  episode  of  left  lower  lobe  pneumonia. 
Autopsy  revealed  chronic  glomerulonephritis,  left  lower 
lobe  pneunonia,  and  pericarditis  with  775  ml  of  san¬ 
guineous  effusion. 

Not  Elsewhere  Classified 


This  37-year-old  white  female,  gravida  six,  para  six, 
was  well  until  two  weeks  after  delivery  of  her  sixth 
child.  She  suddenly  suffered  a  fulminating  illness  mani¬ 
fested  by  peripheral  vascular  collapse,  hepatic  and  renal 
failure,  leading  to  death  four  days  after  onset.  The  pa¬ 
tient  was  admitted  to  the  Surgical  Research  Unit  with 
the  diagnosis  of  acute  renal  failure.  However,  on  ad¬ 
mission  the  patient  was  in  profound  shock  and  was  deeply 
jaundiced.  She  expired  12  hours  after  adnission.  Autopsy 
revealed  massive  hepatic  necrosis  Involving  an  estimated 
90  per  cent  of  the  total  liver  parenchyma.  The  etiology 
of  the  hepatic  necrosis  could  not  be  determined  with  cer¬ 
tainty.  In  the  absence  of  known  exposure  to  hepatotoxins, 
the  patient  was  presumed  to  have  suffered  acute  fulmin¬ 
ating  infectious  hepatitis.  Since  this  patient  presented 
with  shock,  a  diagnosis  of  acute  renal  failure  is  not 
warranted. 

Sumner  y 

Thirteen  patients  were  treated  for  renal  failure  in  the 
Renal  Branch,  Surgical  Research  Unit,  In  1965  (Tables  1,2). 
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This  represented  1 548  patient  days  of  hospitalization, 
the  largest  total  In  the  past  10  years  of  operation  of  the 
Renal  Branch  (Table  3).  During  1965,  217  hemodialyses 
were  performed,  the  largest  yearly  total  in  the  past  10 
years  (Table  4);  190  of  the  217  hemodialyses  (87.5  per 
cent)  were  performed  in  the  three  patients  with  chronic 
renal  failure.  Nine  patients  with  acute  renal  failure 
were  treated  during  the  year  with  a  67  per  cent  survival 
rate.  In  this  group,  27  hemodialyses  and  371  peritoneal 
dialyses  (each  instil lation  of  1,  2,  or  3  liters  of 
solution  counted  as  one  dialysis)  were  performed.  The 
mainstay  of  therapy  in  the  severely  ill  hypercatabolic 
patient  remains  the  Travenol  TYnn-Coil  Artificial  Kidney. 
Several  of  the  patients  with  smaller  increments  of 
nitrogen  accumulation  were  managed  successfully  with 
peritoneal  dialysis  alone.  The  prophylactic  dialysis 
protocol  has  been  adhered  to  in  all  cases. 

Dialyzer  Performance 


During  the  past  year,  177  dialyses  have  been  per¬ 
formed  with  the  Travenol  Twin-Coil  Artificial  Kidney.  Coil 
failure  was  encountered  only  12  times  during  the  year 
(failure  rate  six  per  cent).  Six  coils  leaked  or  rup¬ 
tured;  3  coils  clotted,  and  an  additional  3  could  not 
be  primed. 

Forty  hemodialyses  were  performed  with  the  TWo-layer 
Kill  Hemodialyzer.  Cuprophan  PT  150  membranes  have 
been  used.  The  dialysate  is  aspirated  through  the 
dialyzer  opposite  the  direction  of  the  blood  flow  and 
Increased  negative  pressure  for  enhanced  ultrafiltration 
is  obtained  by  partially  occluding  the  dialysate  inflow. 

In  order  to  achieve  40  successful  Kill  dialyses,  a  total 
of  71  dialyzers  were  assembled  (44  per  cent  failure  rate). 
Leaks  were  detected  in  25  dialyzers  by  in  vitro  testing, 
he  dialysate  compartment  is  opened  to  TRe  air  while  the 
blood  compartment  is  rapidly  inflated  to  approximately 
15C  mmHg.  If  this  pressure  cannot  be  easily  achieved  or 
if  the  pressure  rapidly  falls  (over  25  mmHg  in  30  seconds) 
the  membrane  is  faulty  and  the  dialyzer  must  be  rebuilt. 

If  this  preliminary  test  is  satisfactory,  both  dialysate 
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and  blood  compartments  are  inflated  to  200  mmHg  and  ob¬ 
served  for  loss  of  pressure  during  a  three-minute  period. 
The  dialysate  compartment  is  then  deflated  to  about 
50  mmHg  while  keeping  the  blood  compartment  at  200  mmHg. 
The  dialyzer's  ability  to  maintain  this  differential  pres¬ 
sure  during  a  three-minute  observation  period  is  noted. 
Only  five  dialyzers  that  passed  these  rigid  in  vitro 
standards  subsequently  leaked.* 

Cannulation  Experience 

All  cannulations  were  done  with  the  Q.uinton  Silastic- 
Teflon  System.  The  present  arterial  cannula  in  Patient  1 
(chronic  renal  failure)  was  implanted  on  12  November  1964 
in  the  left  leg.  As  of  31  December  1965,  this  cannula 
had  functioned  successfully  for  424  days.  On  1  May  1965, 
the  venous  cannula  was  moved  from  the  lesser  saphenous 
ve.n  to  the  greater  saphenous.  This  venous  canr.ula  was 
still  functioning  well  on  31  December,  244  days  later 
On  12  October  1965,  the  Silastic-Teflon  shunt  was  con¬ 
verted  to  a  single  break  system  by  making  the  venous 
Teflon  extension  long  enough  to  reach  and  connect  with  the 
arterial  Teflon  extension. 

Patient  2  (chronic  renal  failure)  has  had  his  present 
arterial  camula  in  his  left  arm  since  29  December  1964 
(367  days).  His  present  venous  cannula  has  been  function¬ 
ing  well  for  109  days.  On  27  October  1965,  the  arterial  - 
venous  junction  of  the  Teflon  cannulae  separated,  ap¬ 
parently  spontaneously.  Although  the  patient  had  been 
provided  with  a  hemostat  and  had  been  well  rehearsed  in 
the  management  of  such. cannula  emergencies,  he  apparently 
panicked  and  attempted  to  control  bleeding  with  tourni- 
quests  and  a  clothespin  in  the  cannula.  He  arrived  at  the 
hospital  with  his  clothing  and  several  towels  soaked  with 
blood.  Bleeding  was  immediately  controlled.  His  blood 
pressure  was  80/60,  and  his  skin  was  moist  and  cool.  The 


*  During  the  first  three  months  of  1966,  13  addi¬ 
tional  Kill  dialyses  were  performed.  Only  one  dialyzer 
failed  to  meet  in  vitro  standards.  One  additional  dialy¬ 
zer  leaked  (failure  rate  13  per  cent). 


patient  required  four  unit?  of  whole  blood  to  reestablish 
cardi ovascul ar  stability. 

The  Quinton  cannulae  are  routinely  placed  in  patients 
with  acute  renal  failure  when  hemodialysis  therapy  is  an¬ 
ticipated.  In  the  four  patients  who  were  so  cannulated,  the 
cannulae  performed  successfully  throughout  the  entire  course 
of  acute  renal  failure. 
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An  unusual  case  of  acute  renal  failure  following  post¬ 
partum  shock  during  a  sickle  cell  crisis  is  reported.  The 
development  of  progressive  renal  calcification  established 
the  diagnosis  of  bilateral  renal  cortical  necrosis  Unusual 
asDects  of  this  case  of  BRCN  were  the  following:  (1)  =»n 
unusually  brief  period  of  oliguria,  (2)  the  association  with 
sickle  cell  anemia,  (3)  survival  of  both  mother  and  infant 
(4)  an  unexplained  elevation  of  serum  alkaline  phosphatase 
acti vi ty. 


(1)  Sickle  Cell  Anemia 

(2)  Acute  Renal  Failure 


*  From  the  Department  of  Surgery,  Brooke  G»oer«1  Hosn  . 
Brooke  Army  Medical  Center,  Fort  Sam  Houston,  Texas 
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POSTPARTUM  ACUTE  RENAL  FAILURE 
(BILATERAL  RENAL  CORTICAL  NECROSIS) 
ASSOCIATED  WITH  SICKLE  CELL  ANEMIA 


The  association  of  sickle  cell  anemia  and  acute  renal 
failure  is  a  surprisingly  rare  phenomenon.  In  some  recent 
excellent  review  articles  on  the  renal  manifestations  of 
sickle  cell  anemia, 3  acute  renal  failure  is  not  men¬ 
tioned.  This  is  the  first  report  of  bilateral  renal  cor¬ 
tical  necrosis  associated  with  sickle  cell  anemia. 

Case  Report 

This  l8-year-o!d  Negro  housewife  was  discovered  to  be 
anemic  at  four  years  of  age.  The  only  sign  of  sickle  cell 
anemia,  however,  was  the  presence  of  scleral  icterus  until 
age  12  years,  when  she  was  hospitalized  for  several  blood 
transfusions.  She  estimated  that  not  more  than  20  units  of 
blood  had  been  given  to  her  prior  to  the  present  illness. 
She  specifically  denied  Drevious  bone,  joint,  abdominal,  or 
chest  pain. 

In  November  1964,  she  was  evaluated  elsewhere  during 
the  fourth  month  of  her  first  pregnancy.  At  that  time, 
she  had  a  hematocrit  of  18  volumes  %,  hemoglobin  6.4 
g/100  ml,  and  a  reticulocyte  count  of  28%.  She  was  given 
250  ml  of  packed  red  blood  cells.  During  the  subsequent 
antepartum  course,  the  hematocrit  ranged  from  18  to  21%, 
and  the  reticulocyte  count  from  7.8  to  22.9%.*  Urinalyses 
on  13  different  occasions  were  normal;  random  specific 
gravities  were  1.010  or  les^.  Total  serum  bilirubin 
varied  from  5  to  10  mg/100  ml.  On  25  January  1965,  blood 
urea  nitrogen  was  7  mg/100  ml,  alkaline  phosphatase 
11  Bodansky  units,  and  serum  transami nase  19  units. 

She  was  admitted  to  the  hospital  in  early  labor  on 
10  April  1965,  and  delivered  a  normal  infant,  without 
difficulty,  under  oxygen  and  pudendal  block  anesthesia 
at  9:30  p.m.  At  6:45  a.m.  the  following  morning,  she 
developed  sudden  dyspnea,  weakness,  and  restlessness;  her 


*  sickle  cell  anemia  was  confirmed  by  filter  paper 
electrophoresis  and  a  positive  sickle  cell  preparation. 
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blood  pressure  became  unobtainable.  Thirty  minutes  later, 
she  was  unresponsive  and  required  mouth- to-mouth  resusci¬ 
tation  because  of  shallow,  slow,  and  ineffectual  breathing. 

Two  units  of  packed  red  blood  cells  were  rapidly  given, 
and  by  8:00  a.m.,  her  blood  pressure  was  obtainable  and 
her  breathing  had  improved.  By  12:00  a.m.,  she  had  re¬ 
ceived  three  and  one-half  units  of  packed  red  blood  cel  is 
and  500  cc  of  6%  dextran.  Urinary  output  approximated 
30  to  40  cc  per  hour  throughout  the  day,  but  a  catheterized 
speciment  the  following  morning  revealed  gross  hematuria. 

At  10:00  a.m.,  the  urinary  output  had  dropped  to  10  cc 
per  hour,  and  there  was  no  response  to  12.5  grams  of 
Mannitol.  Because  of  oliguria,  she  was  transferred  to 
the  Surgical  Research  Unit.  Her  complaints  at  the  time 
of  transfer  were  those  of  extreme  fatigue,  seme  dizziness 
upon  sitting,  and  bilateral  flank  pain  which  had  its  onset 
following  the  hypotensive  episode.  The  pain  was  initially 
dull  and  aching,  but  had  become  progressively  severe.  She 
denied  dyspnea  or  chest  pain  at  the  time  of  transfer. 

Physical  Examination:  The  blood  pressure  was  120/58, 
pulse  1 1 6  and  regular.  She  was  alert  and  resting  comfortably, 
lying  flat  in  bed.  There  was  marked  scleral  icterus  and 
pallor  of  the  mucous  membranes.  The  skin  was  warm  and  dry. 
There  was  no  venous  distention  or  palpable  1 ymphadenopathy . 

The  chest  was  clear.  The  heart  was  enlarged  almost  to  the 
anterior  axillary  line.  There  was  a  heaving,  wel 1 -1 ocal i zed, 
apical  impulse,  and  a  prade  I i/VI  soft  blowing  systolic 
murmur,  especially  prominent  in  the  pulmonic  area.  There 
was  no  cardiac  gallop  or  friction  rub.  Peripheral  pulses 
were  all  strong  and  equal,  lhe  abdomen  was  diffusely  tender, 
distended,  and  tympanitic;  towel  sounds  were  absent.  A 
tender  uterus  was  palpable  to  the  umbilicus.  There  was 
bilateral  costovertebral  angle  tenderness  to  percussion. 

There  was  no  sacral  edema,  cyanosis,  clubbing,  or  evidence 
of  previous  or  active  skin  ulcers.  Deep  tendon  reflexes 
were  normal . 

Laboratory  findings  at  the  time  of  transfer  were  as 
follows:  hematocrit  26  volumes  %,  hemoglobin  7.6  g/100  ml, 
white  blood  count  25,900,  with  89  per  cent  neutrophils, 

4/  bands,  6%  lymphocytes,  1%  basophils,  and  21  nucleated 
red  blood  cells  per  100  white  blood  cells.  Urine  was 
grossly  bloody,  with  an  acid  pH,  4+  albumin,  negative 
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sugar,  acetone,  and  bile;  sediment  was  loaded  vr.  tb  red 
blood  cells,  as  well  as  30  to  40  white  blood  cells  per 
high  power  field.  Urine  culture  showed  no  growth.  Urine 
chemistries:  sodium  73  mEq/L,  potassium  17  mEs/L,  NPN 
99  mg/100  ml,  osmolality  191  mOsm/kg.  Serum  chemistries: 
sodium  1 1 8  mEq/L,  potassium  6.1  mEq/L,  chloride  106  mEq/L, 
C02  10  mEq/L,  NPN  70  mg/100  ml,  creatinine  5-5  mg/100  ml, 
calcium  9-3  mg/IOC  ml,  phosphorus  6.6  mg/100  ml,  osmolality 
261  mOsm/kg,  total  bilirubin  1 j  mg/100  ml  (9  mg/100  ml 
direct),  total  protein  4.5  g/100  ml  (albumin  1.3  g/100  rr > ' r 
chymol  turbidity  4  units,  alkaline  pinos pha tase  11.2 
Bodansky  units. 

Hosoital  Course;  Following  admission,  hyperkalemia 
was  treated  with  Kayexaiate  and  intravenous  hyperton-.c 
glucose  solution  containing  sodium  bicarbonate.  A  naso¬ 
gastric  tube  was  passed  because  of  abdominal  distention 
ar.J  guaiac-posi ti ve  material  was  obtained.  No  urinary 
response  was  obtained  with  the  administration  of  '  nnitol, 
12.5  gm. 

Abdominal  pain  became  more  severe,  suggesting  an  acute 
surgical  abdomen,  on  13  April,  postonset  day  n  mber  2. 

Liver  damage  was  suggested  by  a  prolonged  prothrombin  time 
(18.5  seconds  with  control  13  seconds),  serum  transaminase 
of  1420  units  and  total  bilirubin  of  14  mq/100  ml  (12  mg/100 
ml  direct ) ( Fi g .  I).  Following  AguaMephy ton.  the  prothrombin 
time  became  normal.  Although  there  was  ■  clinical  evidence 
of  localized  infection,  penicillin  and  Streptomycin  were 
administered  because  of  lew  grade  fever. 

On  POD  3,  there  was  a  decrease  in  abdominal  distention 
and  nasogastric  drainage,  and  active  peristalsis  was  noted. 
The  hyponatremia,  hyperkal emi a,  and  metabolic  acidosis 
had  been  corrected  by  moderate  sodium  bicarbonate  sup¬ 
plements  and  mild  fluid  restriction.  Transfusions  were 
given  in  an  attempt  to  maintain  hemoglobin  at  10  q/ 1 00  ml 
(Fia.  2).  In  spite  of  a  daily  urinary  output  between  500 
and  600  cc,  the  serum  creatinine  had  risen  from  5.5  to 


*  For  convenience,  the  hay  of  the  hypotensive  episode 
is  called  Day  0,  and  each  s’  sequent  day  is  numbered,  i.£. , 
POD  2  means  the  second  hosp> ta I i za t i on  day  following  the 
day  of  shock. 
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Figure  1,  Laboratory  data 
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13-2  mg/100  ml  on  POO  4  (Fig.  2).  Although  the  urinary  out¬ 
put  was  1600  cc  on  the  sixth  postonset  day,  azotemia  and 
clinical  deteri orati on  were  progressive. 

On  POD  8,  she  complained  of  weakness  of  her  arms  and 
legs,  and  hyperkalemia  was  confirmed  both  chemically 
(serum  potassium  7.4  m£q/L)  and  by  striking  tenting  of  the 
T-waves  on  electrocardiogram.  Ankle  and  knee  reflexes 
were  unobtainable,  and  sustained  clonus  was  noted  on  the 
right  side.  Kayexalate  was  given  by  rectum,  and  intra¬ 
venous  hypertonic  glucose  and  sodium  bicarbonate  infusions 
were  administered. 

Her  mental  behavior  became  progressively  bizarre,  and 
on  POD  10  she  was  unresponsive.  She  had  a  seizure,  charac¬ 
terized  by  opisthotonic  movements  of  the  head,  eyes  moving 
to  the  right,  sweating,  tachycardia,  and  a  drop  of  blood 
pressure  to  80  systolic.  Chvostek  and  Trousseau  signs  were 
absent,  but  sustained  ankle  clonus  was  noted  bilaterally. 

She  became  more  responsive  following  the  infusion  of 
Plasmanate  and  treatment  with  oxygen,  phenobarbi tal ,  and 
Dilantin.  Colistinwas  administered  because  of  recurrent 
fever,  pyuria,  and  the  isolation  of  Pseudomonas  (7-8  x  10? 
organisms  per  ml)  from  a  catheterized  urine  specimen. 

Colistin,  150  mg,  was  giver-  on  POD  10,  75  mg  on  POD  11, 
and  150  mg  on  postonset  days  12  and  15. 

On  POD  11,  peritoneal  dialysis  was  initiated  because 
of  progressive  deterioration,  manifested  by  coma  and  diffuse 
bleeding.  Intravenous  hydrocor ti sone  was  started  at  the 
same  time  because  of  an  isolated  report  suggesting  its 
therapeutic  value  in  a  patient  with  sickle  cell  anemia  and 
acute  renal  failure.1*  A  lumbar  puncture  was  unremarkable 
except  for  a  spinal  fluid  protein  of  126  mg/100  ml .  On  POD  15, she 
wes  more  alert,  although  her  behavior  intermi ttently  was  in- 
oppropriate.  I.V.  infusions  were  discontinued,  and  the 
hydrocortisone  dose  was  gradually  decreased.  The  last  of 
the  three  24-hour  periods  of  peritoneal  dialysis  was  per¬ 
formed  on  P00  18.  °ostdialysis  the  serum  creatinine  value 
rose  slowly,  and  then  fell  to  a  stable  level,  approximating 
4  mg/ 100  ml . 

On  POD  19,  Pseudomonas  was  isolated  from  the  peritoneal 
dialysate  for  the  first  time,  and  she  was  given  a  final 
injection  of  Colistin,  150  mg.  Low  grade  fever  was  noted 
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the  same  evening  and  continued  intermittently  for  the  next 
two  weeks.  On  POD  29,  a  morbilliform  rash  appeared  on  the 
face,  arms,  and  trunk  in  association  with  an  eosinophil 
count  of  13  per  cent.  The  only  medication  she  wss  taking 
at  that  time,  Dilantin,  was  discontinued.  The  skin  rash 
cleared  within  two  days,  but  eosinophil ia  as  high  as  30 
per  cent  persisted. 

Coincidental  with  this  apparent  allergic  reaction  was  a 
striking  rise  in  the  serum  alkaline  phosphatase,  reaching 
326  Bodansky  units  on  POD  43  (Fig.  1).  At  this  time  she 
was  asymptomatic.  X-rays  of  her  bones  showed  no  ab¬ 
normalities.  A  liver  scan  revealed  only  moderate  hepato¬ 
megaly.  The  serum  bilirubin  was  unchanged,  but  there  was 
a  moderate  rise  in  the  serum  glutamic  oxaloacetic  transaminase. 
On  POD  53,  the  creatinine  clearance  7-1  ml/min,  the  phos¬ 
phate  clearance  4.5  ml/min,  and  per  cent  tubular  reabsorption 
of  phosphate  was  56.  Serum  calcium  and  phosphate  values 
appear  in  Figure  2.  On  a  self-selected  diet,  urinary  calcium 
was  regularly  less  than  50  mg  per  24  hours.  Within  two 
months,  the  serum  alkaline  phosphatase  had  returned  to 
"baseline"  values  *or  this  patient  (Fig.  2). 

She  was  discharged  from  the  hospital  on  June  9,  1965, 

59  days  following  the  onset  of  renal  insufficiency.  Since 
discharge,  the  serum  creatinine  has  fluctuated  between 
4  and  5  mg/100  ml.  Urine  cultures  have  remained  sterile 
and  she  has  been  free,  of  uremic  symptoms.  The  hematocrit 
has  dropped  to  values  as  low  as  10  volumes  %,  but  the 
patient  has  vigorously  denied  associated  symptoms  or  im¬ 
provement  following  transfusion. 

Absent  menses  and  cold  intolerance  were  responsible 
for  further  hospitalization  in  November,  1965,  when  the 
diagnosis  of  postpartum  hypopituitarism  was  investigated. 

The  24-hour  urinary  17-hydroxycorticosteroids  were  lew. 

There  was  a  definite  rise  in  plasma  cortisol  following  the 
administration  of  ACTH,  but  no  urinary  response  to 
Metopirone.  The  RAI  uptake  was  moderately  reduced,  and 
the  gonadotropin  assay  was  less  than  4  mouse  units. 

Radiographic  Findings  (Fig.  3) 

Ouring  the  initial  few  days  of  her  hospitalization, 
scout  films  of  the  abdomen  were  taken  on  three  occasions, 
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and  the  renal  shadows  could  not  be  identified  definitely 
on  any  of  them.  On  May  24,  POD  43,  the  renal  shadows  were 
obvious  without  the  use  of  contrast  media  (Fig.  3A).  The 
right  kidney  measured  13  centimeters  in  length}  the  in¬ 
definite  lower  pole  of  the  left  kidney  made  accurate 
measurement  of  this  kidney  impossible.  Lami nograms  at  that 
time  revealed  the  so-called  "tram-line"  calcification  of 
the  cortex  (Fig.  3B)  which  has  been  considered  charac¬ 
teristic  of  bilateral  renal  cortical  necrosis.  By  June 
24,  POD  74,  the  renal  calcification  had  become  more  prom¬ 
inent;  there  was  a  decrease  in  kidney  size  bilaterally, 
both  measuring  11.2  cm  in  length  (Fig.  3C).  Progressive 
calcification  and  decrease  in  size  were  noted  on  July  9, 

POD  89,  when  each  kidney  measured  10.5  cm  (Fig.  3D). 

Both  kidneys  measured  9.5  cm  on  August  17,  POD  128  ( Fi g . 3E ) , 
but  no  further  decrease  in  kidney  size  was  apparent  (Figs. 

3F  and  G).  On  November  15,  POD  2 1 8 ,  the  rim  of  cortical 
calcification  was  especially  prominent  in  the  laminograms 
(Fig.  3H).  The  size  of  the  kidneys  as  measured  on  the  con¬ 
ventional  abdominal  plain  films  decreased  during  the  ob¬ 
servation  period  from  13  x  5-3  cm  to  9.5  x  4  cm  (right 
kidney). 

No  roentgenologic  evidence  of  metastatic  calcification 
was  noted  elsehere. 

Di  scussi  on 


Bilateral  renal  cortical  necrosis  (BRCN)  is  the  most 
reasonable  cause  for  renal  insufficiency  in  this  ,*atient. 
Bilateral  flank  pain  and  gross  hematuria  are  characteristic 
findings  in  BRCN,  and  parturition  is  the  most  common  clinical 
setting  in  which  this  disease  develops.  A  number  of  patients 
have  survived  the  acute  episode7-l£  and  like  the  present 
pat  lent,  renal  function  has  not  returned  to  normal .  An 
association  between  postpartum  pituitary  insufficiency  and 
BRCN  has  been  recognized  for  many  years. 17  Finally,  the 
development  of  renal  calcifications  has  been  a  prominent 
radiographic  finding  in  patients  with  BRCN  who  have  lived 
beyond  four  week s. 5, 6, 1 2, 1 3, 14, 1 6, 18-20 

There  are,  however,  atypical  features  of  bilateral  renal 
cortical  necrosis  in  the  present  case.  Most  postpartum  cases 
of  BRCN  have  beer,  associated  with  abruptio  placenta  and 
stillbirth,  both  of  which  were  absent  in  the  present  patient. 
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Anuria  is  generally  so  striking  that  the  possibility  of  bi¬ 
lateral  obstruction  to  the  ureters  must  be  considered  in  the 
differential  diagnosis  of  patients  with  BRCN.  Although  the 
urinary  output  in  the  present  patient  was  transiently  as 
low  as  10  ml  per  hour,  the  patient  was  never  anuric  and 
the  period  of  oliguria  was  brief. 

A  less  likely  cause  of  renal  insufficiency  and  calci¬ 
fication  in  this  patient  is  pyelonephritis.  Evidence  for 
acute  pyelonephritis  was  observed  on  the  10th  day  following 
delivery  when  fever  and  pyuria  were  noted,  and  a  significant 
colony  count  of  Pseudomonas  was  isolated  from  the  urine. 

There  was  no  evidence  of  renal  infection  before  delivery, 
however,  and  renal  insufficiency  was  well  developed  prior 
to  any  objective  evidence  of  pyelonephritis.  The  infection 
was  most  likely  a  complication  of  the  urinary  catheter  which 
was  in  place  for  two  days  following  delivery.  In  those 
few  cases  in  which  renal  calcification  appears  to  be 
secondary  to  chronic  pyelonephritis,  nephrocalcinosis  de¬ 
veloped  over  months  rather  than  days  as  observed  in  this 
patient  and  is  not  cortical  in  distribution.  Furthermore, 
a  high  incidence  of  pyelonephritis  durinc  oregnancy  in  both 
sickle  cell  anemia  and  trait  has  been  rep.,  ted,  but  renal 
calcification  has  not  been  menti oned.21  -23 

A  final  factor  which  may  have  contributed  to  the  renal 
damage  is  the  antibiotic,  colistin.  The  potential  nephro¬ 
toxic  effects  of  colistin  in  patients  with  renal  insuffi¬ 
ciency  are  now  well  documented. 2k-2o  Because  of  this  re¬ 
lationship,  the  dosage  of  the  drug  was  reduced.  The  sterile 
urine  cultures  suggest  adequacy  of  this  decreased  dose  of 
colistin  in  curing  the  renal  infection.  Although  renal 
insufficiency  was  wel 1  established  prior  to  the  administra¬ 
tion  of  colistin,  we  know  of  no  way  to  rule  out  superimposed 
renal  damage  from  this  medication. 

The  value  of  progressive  calcification  in  the  diagnosis 
of  BRCN  has  only  recently  been  emphasized.  At  least  10  cases 
of  this  association  are  now  recorded. 5-7, 12-14,16,18-20 
Prior  to  the  clinical  use  of  dialysis  procedures,  patients 
with  this  disorder  seldom  survived  beyond  two  weeks.  Since 
the  earliest  demonstration  of  radiologic  renal  calcification 
has  been  noted  at  3'  days,^  it  is  not  surprising  that  this 
aspect  of  the  disorder  has  been  rarely  mentioned  in  earlier 
publications  on  BRCN.  /Vnong  the  diseases  kn<**n  to  produce 
renal  calcification  (Table  1),  only  glomerulonephriti s 


Table  1 . 


Diseases  Associated  with  Nephrocal ci nosi  s 


1.  Primary  hyperparathyroidism 

2.  Renal  tubular  acidosis 

3.  Chronic  glomerulonephritis 

4.  Milk-alkali  (Burnett's)  syndrome 
5-  Vitamin  D  intoxication 

6.  Sarcoidosis 

7.  Bilateral  renal  cortical  necrosis 
ri.  Chronic  pyelonephritis 

9.  Renal  tuberculosis 

10.  Brucel losis 

11.  Idiopathic  hypercalcemia  of  infancy 

12.  Hypercalcemia  of  malignancy 

13.  Thyrotoxicosis 


produces  a  similar  roentgenographic  appearance,  and  this 
disease  can  usually  be  distinguished  from  BRCN  on  clinical 
grounds.  While  the  development  of  cortical  calcification 
following  acute  renal  failure  is  diagnostic  of  BRCN,  its 
absence  does  not  exclude  this  diagnosis.  A  patient  with 
histologically  proved  BRCN  has  recently  been  reported. 
There  was  no  radiologic  renal  calcification  eight  months 
following  the  onset  of  renal  insufficiency.'? 
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Although  BRCN  was  at  one  time  considered  uniformly 
fatal,  a  number  of  survivors  have  been  reported  within 
the  past  decade. 7-16  Unlike  patients  with  acute  tubular 
necrosis,  however,  evidence  of  severely  depressed  glomerular 
function  has  been  present  in  these  patients  at  followup 
examination.  The  longest  known  survivor  has  lived  eight 
years  following  the  onset  of  renal  insufficiency. 7 

Although  we  think  it  likely  that  the  present  oatient 
sustained  damage  to  the  pituitary  gland  dur-’ng  the  episode 
of  postpartum  shock,  abnormal ities  of  pituitary  and  adrenal 
function  are  not  easily  diagnosed  in  the  presence  of  renal 
insufficiency.  The  low  urinary  corticosteroid  values  are, 
of  course,  consistent  with  the  diagnosis  of  hypopituitarism; 
however  comparable  levels  have  been  demonstrated  in  patients 
with  chronic  renal  failure  and  presumably  normal  pituitary 
and  adrenal  function. 27  These  low  urinary  values  have  been 
attributed  to  decreased  clearance  by  the  damaged  kidneys. 

The  minimal  urinarv  response  to  metyrapone  also  sugges*: 
pituitary  damage,  but  the  interpretation  of  this  test  is 
also  limited  by  the  above  cons  derations.  The  rise  in 
plasma  cortisol  two  hours  following  the  administration  of 
*fTH  eliminates  the  possibility  of  adrenal  insufficiency 
damage.  The  values  for  urinary  gonadotropins  and  radio- 
r.M've  iodine  uptake  are  also  compatible  with  the  pituitary 
insufficiency  of  hypopituitarism.  While  her  symptoms  of 
cold  intolerance  and  absent  menses  suggest  hypopituitarism, 
such  findings  are  frequently  present  in  patients  with 
severe  anemia  and  normal  pituitary  function.  She  has  none 
the  less  been  placed  on  substitution  therapy  with  hydro- 
cor ti sone. 

An  association  between  rer.al  and  anterior  pituitary 
necrosis  should  certainly  not  be  considered  rare.  Since 
the  origina*  description  of  this  combination  by  Sheldon 
and  Hertig  in  1 9^*2 , '  7  there  have  been  approximately  60  case 
reports  of  bi’atcral  re  lal  cortical  necrosis  associated 
with  pregnancy.  Pituitary  necrosis  has  baen  documented  in 
12  instances,  usually  on  a  histological  bas^s.  The  incidence 
may  be  greater  thin  20  per  cent  since  in  many  of  the  reported 
cases,  the  pituiufy  gland  was  not  specifically  studied. 

During  the  past  decade,  a  number  of  excellent  review 
articles  and  original  papers  on  the  ren#1  aspects  of  sickle 
coll  anemia  have  been  published.**^*  21-23,  xo-3"  The  renal 
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manifestations  of  sickle  cell  anemia  are  listed  in  Table  2. 

An  association  between  BRCN  and  sickle  cell  anemia  has  not 
been  reported,  and  we  are  aware  of  only  one  other  case  of 
acute  renal  failure  complicating  sickle  cell  anemia.*4  This 
42-year-old  woman  went  into  shock  following  cholecystectomy 
for  cholelithiasis.  Metabolic  acidosis  developed  promptly, 
and,  like  the  present  case,  the  period  of  oliguria  was 
relatively  short.  Seizures  which  occurred  on  the  10th 
postonset  day  were  attributed  to  acidosis  and  she  recovered 
without  dialysis.  Unlike  the  present  patient,  recovery 
of  renal  function  apparently  was  complete,  and  clinically  she 
followed  the  course  of  patients  with  acute  tubular  necrosis. 

The  abnormal  liver  function  tests  in  this  patient  are 
similar  to  those  observed  in  five  patients  with  sickle  cell 
anemia  in  crisis  reported  by  Oven,  e_t  .39  These  patients 
showed  high  initial  levels  of  serum  transarn'nase  and  progressive 
bil irubinemia.  Histologically,  plugging  of  the  hepatic  sinus¬ 
oids  by  sickled  red  blood  cells  was  prominent.  Unlike  the 
present  patient,  however,  there  was  minimal  evidence  of  renal 
dysfunction  until  the  terminal  onset  of  oliguria  and  azotemia. 

A  pathologic  picture  consistent  with  "cholemic  nephrosis1'  was 
noted  in  the  latter  cases.  Since  none  of  the  patients  re¬ 
ported  by  Owen  survived,  it  is  tempting  to  suggest  that 
peritoneal  dialysis  was  of  therapeutic  value  ir.  the  treat¬ 
ment  of  hepatic  as  well  as  renal  insufficiency  in  the  present 
patient  although  information  was  not  collected  to  document 
this  contention. 

During  the  antepartum  course  and  the  seven  days  follow¬ 
ing  delivery,  the  serum  alkaline  phosphatase  value  varied 
between  11  and  16  Bodansky  units.  Elevated  alkaline  phos¬ 
phatase  activity  of  this  degree  is  a  well  documented  find¬ 
ing  in  adults  with  sickle  cell  anemia.*4®  A  value  of  34 
units  was  noted  on  the  17th  postonset  day,  rising  to  326 
un4ts  on  postonset  day  43,  at  which  time  the  patient  was 
asymptomatic.  We  are  unaware  of  such  high  levels  previously 
being  reports  in  association  wi th  acute  renal  failure.  We 
furthermore  have  no  good  explanation  for  this  chemical  ab¬ 
normality.  There  was  no  radiologic  or  clinical  evidence  of 
skeletal  involvement.  Standard  clearance  tests  for  para¬ 
thyroid  activity  were  performed  in  this  patient,  but  they 
have  little  validity  in  the  presence  of  decreased  glomerular 
filtration.  Although  there  was  a  coincidental  rise  in  serm 
glutamic  oxaloacetic  transaminase,  the  serum  bilirubin  was 
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Table  2.  Renal  Manifestations  of  Sickle  Cell  Disease 

Cannon: 

1.  Inability  to  concentrate  urine29f31 

2.  Unilateral  hematur i a 36, 33 

3.  Pyelonephritis  of  pregnancy^ »^3 

4.  Radiographic  abnormal i ties33> 37 


Rare: 


1.  Nephrotic  syndrome^O, 32 

2.  Chronic  renal  failure^ 

3.  Acute  renal  failure1* 

4.  Acute  glomerulonephritis?^ 


V 
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stable  and  other  tests  of  liver  function  had  become 
normal . 

The  possibility  that  alkaline  phosphatase  originat¬ 
ing  from  renal  tissue  contributed  to  the  elevated  serum 
level  cannot  be  excluded,  since  the  activity  in  renal 
tissue  is  decreased  following  experimental  kidney  damage. 

Summary 

An  unusual  case  of  acute  renal  failure  following  post¬ 
partum  shock  during  a  sickle  cell  crisis  is  reported.  The 
development  of  progressive  renal  calcification  established 
the  diagnosis  of  bilateral  renal  cortical  necrosis.  Un¬ 
usual  aspects  of  this  case  of  BRCN  were  the  following:  (1) 
an  unusually  brief  period  of  oliguria,  (2)  the  association 
with  sickle  cell  anemia,  (3)  survival  of  both  mother  and 
infant,  (4)  an  unexplained  elevation  of  serum  alkaline 
phosphatase  activity. 
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A  patient  with  Goodpasture's  syndrome  maintained  ey  chronic 
hemodialysis  is  presented.  The  total  course  has  exceeded  22 
months  with  anuria  existing  for  the  past  16  months.  Pulmonary 
remission  has  persisted  for  one  year  since  prednisone  was  dis¬ 
continued.  The  diagnosis  of  Goodpasture's  syndrome  need  not 
preclude  consideration  for  chronic  dialysis  or  renal 
homotransplantation. 


(1)  Chronic  Hemodialysis 

(2)  Goodpasture's  Syndrome 
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GOODPASTURE'S  SYNDROME 

PROLONGED  SURVIVAL  WITH  CHRONIC  HEMODIALYSIS 


The  publication  of  many  case  reports  in  the  past  several 
years  suggests  that  Goodpasture's  syndrome  is  not  as  rare 
as  previously  emphasized.  In  the  past,  this  disease  has 
been  uniformly  fatal  when  associated  with  a  severe  underlying 
renal  disease.  Since  many  of  the  clinical  manifestations  of 
anuric  renal  disease  can  now  be  controlled  by  modern  dialysis 
techniques,  the  natural  history  of  the  associated  pulmonary 
disease  in  this  syndrome  is  of  particular  interest.  The 
patient  to  be  described  has  been  maintained  by  artificial 
dialysis  procedures  for  over  22  months.  We  wish  especially 
to  emphasize  the  absence  of  recurrent  pulmonary  hemorrhage 
during  this  pe.  iod  of  observation. 

Case  Report 

This  24-year-old  Caucasian  male  was  in  good  health 
until  mid-March  1964,  when  while  stationed  in  Germany  he 
noted  the  onset  of  nasal  congestion,  sore  throat,  cough, 
greenish  sputim,  malaise,  and  fatigue.  The  acute  symptoms 
disappeared  after  several  days,  but  fatigue  continued.  In 
early  April,  he  was  noted  to  be  pale  by  his  associates, 
and  from  April  9  to  14,  he  produced  blood-streaked  sputum 
daily.  There  was  associated  right  pleuritic  chest  pain. 

On  April  14,  1964,  he  was  admitted  to  the  US  Army  Hospi¬ 
tal  at  Bremerhavsn,  Germany.  On  admission,  crepitant  rales 
were  heard  over  the  lower  lung  fields  and  a  chest  x-ray 
revealed  bilateral  pulmonary  infiltrates  radiating  from  the 
hilus  with  apical  sparring  (Fig.  I  A) .  The  hematocrit  was 
11  volumes  %,  hemoglobin  2.9  grams  %.  Urinalysis  revealed 
a  specific  gravity  of  1.018,  acid  reaction,  2+  albumin,  nega¬ 
tive  sugar,  and  a  sediment  containing  numerous  red  blood  cells 
and  casts.  The  patient  was  treated  with  transfusions  and 
penicillin.  For  two  days,  his  temperature  ranged  from  102 
to  103°F.  The  admission  chest  findings  and  chest  x-ray 
gradually  improved  (Fig.  IB),  but  on  the  third  hospital  day 
the  patient  noted  dark  urine,  and  numerous  red  blood  cells 
were  found  in  the  urinary  sediment.  Within  a  week,  the 
blood  urea  nitrogen  value  was  found  to  be  elevated. 

On  April  22,  1964,  he  was  transferred  to  the  US  Army 
Hospital  at  Landstuhl,  Germany.  The  azotemia  was  confirmed 


and  urinalyses  continued  to  show  albuminuria  and  hematuria. 
On  April  30,  1964,  he  developed  marked  swelling  of  the 
right  upper  extremity  which  was  attributed  to  a  thrombo¬ 
phlebitis,  secondary  to  a  sul fobromphthalein  sodium  injec¬ 
tion.  The  following  day  he  developed  right  chest  pains 
and  two  days  later  recurrent  hemoptysis.  Chest  films 
demonstrated  infiltration  in  both  lower  lobes  and  the  x-ray 
findings  gradually  progressed  to  a  picture  similar  to  that 
seen  on  admission  at  Bremerhaven. 

In  the  process  of  being  evacuated  to  the  United  States, 
he  became  acutely  dyspneic  and  crepitant  rales  were  heard 
throughout  both  lung  fields.  Chest  x-ray  revealed  ex¬ 
tensive  bilateral  infiltrates  (Fig.  1C).  Chemical  findings 
demonstrated  hyponatremia,  hyperkalemia,  and  increasing 
azotomia  (creatinine  11.7  mg/100  ml).  Two  units  of  whole 
blood  were  administered  and  prednisone  therapy  was  in¬ 
stituted  (100  mg  daily).  Within  12-18  hours  following 
the  institution  of  corticosteroid  therapy,  the  patient's 
dyspnea  markedly  improved  and  the  rales  heard  on  the 
initial  examination  cleared.  However,  oliguria  was  noted 
for  the  first  time,  and  the  patient  was  transferred  to 
the  Surgical  Research  Unit.  Oliguria  persisted  in  flight 
and  did  rot  respond  to  the  administration  of  25  gm  of 
Manni tol . 

Past  medical  hi  stony  was  not  remarkable  except  for  an 
episode  of  pneumonia  in  1962.  A  physical  examination  in 
February  1964,  one  month  prior  to  the  onset  of  his  present 
i 1 1  ness,  was  normal . 

Physical  examination  on  transfer  revealed  a  pale, 
chronically  ill,  white  male,  with  blood  pressure  130/80, 
pulse  60,  and  temperature  96.7°F.  Auscultation  of  the 
chest  revealed  only  occasional  respiratory  wheezes  at 
the  left  anterior  lower  lung  field.  There  was  a  sinus 
arrhythmia  but  no  evidence  of  cardiomegaly,  murmurs,  or 
gallops  was  noted.  There  was  mild  pedal  edema.  The  right 
arm  was  tender,  and  a  firm  cord-like  structure  could  be 
palpated  in  the  vicinity  of  the  arstecubital  vein.  The 
remainder  of  the  physical  examination  was  within  normal 
1 imi ts. 

Laboratory  findings  on  admission  revealed  the  follow¬ 
ing:  Hematocrit  29  volumes  %,  hemoglobin  9.2  gm%,  WBC 
23,^00,  with  84%  neutrophils,  1%  bands,  7%  lymphocytes, 
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and  8%  monocytes;  serum  sodium  120  mEq/l,  potassium  8.4  mEq/l, 
chloride  90  mEq/L,  CO2  12  mEq/L,  NPN  156  mg%,  creatinine 
22.8  mg/100  ml,  calcium  9.1  mg/100  ml,  phosphate  6.6  mg/100 
ml.  Urinalysis  revealed  an  acid  reaction,  4+  albuminuria, 

2+  glycosuria,  6-12  white  blood  cells  per  high  power  field, 
red  blood  cells  too  numerous  to  count,  and  occasional 
granular  and  red  blood  cell  casts.  Urine  sodium  7  mEq/l, 

NPN  450  mg%,  osmolality  261  mOsm/kg  water.  Protein  elec¬ 
trophoresis  revealed  total  protein  of  5.6  gm%,  with  51.5% 
albumin,  7.8%  alpha  1  globulin,  14.1%  alpha  11  globulin, 

13*3%  beta  globulin,  and  13*3%  gamma  globulin.  ASO  titer 
was  166  units. 

On  the  day  following  admission  to  the  Surgical  Research 
Unit,  hemodialysis  was  instituted  because  of  hyperkalemia 
and  increasing  azotemia.  Corticosteroid  therapy  was  con¬ 
tinued  and  the  chest  film  cleared  promptly  (Fig. 10).  During 
initial  therapy  with  hemodialysis,  his  appetite  rem?ined 
good  with  a  mean  caloric  intake  greater  than  2000  daily.  A 
renal  biopsy  was  performed  on  June  10,  1964,  and  revealed 
the  following:  the  vasculature  was  normal.  The  tubules 
were  ectopic  with  focal  regions  of  epithelial  degeneration 
and  small  patchy  areas  of  interstitial  fibrosis.  The  primary 
change  was  localized  to  the  glomeruli.  All  showed  varying 
degrees  of  proliferative  and  fibrous  obliteration  which  was 
severe  in  most  instances.  Because  of  the  chronicity  of  the 
renal  histology,  the  preani sone  was  gradually  tapered  over 
the  succeeding  weeks  (Fig.  2). 

Although  the  patient  tolerated  hemodialysis  well, 
recurrent  clotting  of  the  arteriovenous  shunts  prompted 
institution  of  peritoneal  dialysis  on  June  15,  *964,  using 
a  silastic  conduit  which  was  inserted  surgically,  from 
June  15  to  October  12,  1964,  he  was  primarily  maintained  by 
peritoneal  dialysis.  He  lost  over  25  kg  of  weight  during 
this  time,  appetite  and  caloric  intake  decreased  markedly, 
and  daily  intermittentvomi ting  became  a  clinical  problem. 
Hemodialysis  was  reinstituted  on  October  14,  1964,  at  ap¬ 
proximately  weekl  y  intervals.  His  appetite  remained  poor 
and  vomiting  persisted.  His  lowest  weight  of  43.4  kg  oc¬ 
curred  on  February  15,  1965.  Coincident  with  increased 
frequency  of  hemodialysis,  his  appetite  improved  and  he  has 
subsequently  gained  over  16  kg. 

In  addition  to  severe  nutritional  problems  prior  to 
February  1965,  the  fol 1 owi ng  major  clinical  disturbances 
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Figjres  1A  -  IF.  Serial  roentgenograms  of  the  chest 
in  a  patient  with  Goodpasture's  syndrone 


Normal  chest  x-rr 


Prtdniton*  (mg /day) 


Figure  2.  Urinary  output,  prednisone  dosage,  and 
frequency  of  dialysis  during  the  course  of  Goodpasture 
syndrome. 
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were  encountered: 

(1)  Three  grand  mal  seizures  on  August  13,  1964,  pre¬ 
sumably  secondary  to  hypertension  and  fluid  excess. 

(2)  Diarrhea  followed  by  hypotension  and  tachycardia 
or  March  29,  1965.  Hyperkalemia  (8.5  mEq/L)  was  associated 
with  right  bundle  branch  block  on  electrocardi ogram.  The 
clinical  findings  and  electrocardiographic  abnormality 
disappeared  within  one  hour  following  institution  of 
hemodialysis. 

(3)  Sudden  severe  pain  due  to  a  hematoma  in  the  left 
calf  on  April  19,  1965.  Presumably  secondary  to  heparin 
given  in  an  attempt  to  prevent  clotting  of  the  arterio¬ 
venous  shunts,  this  hematoma  was  of  clinical  significance 
because  it  restricted  his  physical  activity. 

(4)  The  onset  of  arthralgias,  involving  the  hands, 
shoulders,  elbows,  and  feet,  on  May  12,  1965.  Beneficial 
response  to  colchicine  has  been  questionable,  but  the  ar¬ 
thralgias  have  in  general  been  responsive  to  mild  analges'cs. 

(5)  TWo  grand  mal  seizures  on  July  21,  1965,  for  un¬ 
explained  reasons.  He  was  subsequently  placed  on  Dilantin 
and  phenobarbetal  without  recurrence 

At  the  present  time,  he  is  hemodialyzed  twice  weekly 
on  the  Kiil  dialyzer  for  12  to  15  hours  on  each  occasion. 

He  spends  the  remainder  of  his  time  at  home.  Physical 
strength  has  greatly  increased  over  the  past  three  months, 
and  the  physical  inactivity  associated  with  previous  im¬ 
mobilization  has  responded  well  to  therapy.  His  appetite 
is  now  excellent  with  a  daily  intake  of  greater  than  2000 
calories.  There  has  been  no  recurrence  of  pulmonary 
hemorrhage.  He  has  been  totally  anuric  since  August  1964. 

m 

Oi scussion 

The  clinical  characteristics  of  Goodpasture's  syndrome 
are  very  striking.  Pulmonary  hemorrhage  is  the  most  fre¬ 
quent  finding,  hemoptysis  occur ing  in  a  majority  of  cases. 
There  is  evidence  of  diffuse  pulmonary  infiltration  radio¬ 
graphically.  Anemia  is  invariably  present  and  is  often  of 
severe  degree.  Proteinuria,  hematuria,  and  cylindruria  may 
be  present  during  the  first  examineti on,  but  chemical 


evidence  of  severe  renal  damage,  j_.je. ,  marked  azotemia, 
follows  rather  than  precedes  pulmonary  alveolar  bleeding. 

The  disease  typically  afflicts  young  adult  males. 

No  attempt  will  be  made  to  re-examine  the  clinical  and 
pathological  aspects  of  Goodpasture's  syndrome,  A  number 
of  excellent  reviews  have  been  recently  published  on  this 
subject.  We  have  restricted  our  discussion  to  those  fac¬ 
tors  which  appear  to  influence  survival  in  this  disease. 

The  use  of  corticosteroids  in  the  management  of  Goodpasture's 
syndrome  is  also  briefly  reviewed. 

Numerous  reports  have  emphasized  the  fulminant  nature 
of  Goodpasture's  syndrome.  Of  the  52  cases  reviewed  by 
Benoit,  £t  aj_.,3  only  two  survived.  The  median  duration  of 
illness  for  the  50  patients  who  died  was  15  weeks.  In  the 
27  patients  dying  from  pulmonary  hemorrhage  and  asphyxia, 
the  median  duration  of  illness  was  10  weeks.  The  remaining 
23  patients  who  died  of  uremia  lived  somewhat  longer  (24 
weeks) . 


During  the  past  two  years,  manv  additional  cases  of  this 
syndrome  have  been  described, 2-3, 5-9  /\s  more  cases  are  being 
recognized,  it  is  becoming  clear  that  all  cases  do  not  run 
a  rapidly  fatal  course,  in  the  100  cases  collected  by 
Duncan,2  there  were  11  survivors.  We  have  found  four  ad¬ 
ditional  surviving  patients  in  the  literature  and  our  own 
case  brings  this  total  to  16,5*8*9, 10  |n  addition,  six 
reported  patients  died  of  their  disease  after  a  duration  of 
illness  exceeding  18  months. 10-12 


Although  the  natural  history  of  this  disease  1$  variable, 
the  majority  of  fatalities  occur  in  the  first  six  months  of 
illness.  It  appears,  however,  that  if  the  patient  survives 
the  Initial  phase  of  his  disease,  his  prognosis  for  an  ex¬ 
tended  remission  may  be  quite  good.  This  point  can  be 
illustrated  from  Saltzman's  review  of  39  cases.*  in  the 
26  patients  who  died  within  the  first  six  months,  the 
mean  duration  of  illness  was  2,3  months,  in  those  patients 
who  survived  at  least  six  months  (13  patients),  the  mean 
survival  was  1 6 . 9  months. 

The  vast  majority  of  surviving  patients  have,  not  had 
advanced  renal  involvement.  To  our  knowledge,  there  are  only 
two  examples  of  severe  renal  failure  in  Goodpasture's  syn¬ 
drome  which  proved  to  be  reversible.  Pasternack's  patient 
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had  an  episode  of  severe  azotemia  with  a  spontaneous  reversal 
of  nitrogen  retention.  This  patient  was  well  with  normal 
renal  function  six  months  later.?  Bloom,  e_t  _a]_.,  have  re¬ 
cently  reported  a  case  in  which  renal  function  improved  fol¬ 
lowing  high  doses  of  prednisone. 9  This  must  be  considered 
an  atypical  case  of  Goodpasture's  syndrome  since  hematuria 
and  azotemia  were  present  prior  to  any  evidence  of  hemop¬ 
tysis  and  lung  involvement.  There  was  chemical  evidence  of 
renal  involvement  21  months  following  the  onset  of  illness 
although  the  patient  was  clinically  well.  There  are,  in  ad¬ 
dition,  several  reported  instances  of  prolonged  survival 
following  onset  of  end  stage  renal  involvement. 3,4,8  One 
patient  was  kept  alive  for  6l  days  following  the  onset  of 
anuria. 3  This  patient  died  following  a  dialysis  schedule 
which  we  consider  to  be  inadequate  by  current  chronic 
dialysis  standards.  Canfield**  described  a  case  in  which 
severe  oliguria  occurred  four  months  after  the  onset  of  the 
disease.  Hemodialysis  was  performed  17  times  during  the 
following  month;  for  the  next  three  months  intermittent 
peritoneal  dialysis  was  carried  out.  Despite  these  measures, 
pericarditis  and  recurrent  pulmonary  hemorrhage  occurred  and 
the  patient  died  four  months  after  the  initiation  of  dialysis. 
Cleveland,  et  al . accepted  a  patient  with  Goodpasture's 
disease  for  renal  homotransplantation.  This  patient  re¬ 
ceived  a  cadaver  kidney,  and  at  last  renort  was  still  alive 
16  months  later.  Oialysis  has  been  employed  in  several 
other  cases. However,  in  most  instances,  no  attempt  was 
made  to  maintain  life  once  it  became  clear  that  the  renal 
disease  was  irreversible. 


The  efficacy  of  steroid  therapy  in  this  disease  is  not 
clear.  In  Benoit's  series, 3  the  steroid-treated  group  of 
25  patients  had  a  median  survival  of  24  weeks,  not  im¬ 
pressively  different  from  the  total  group  survival  of  15 
weeks.  However,  fewer  patients  treated  with  steroids  had 
pulmonary  deaths;  of  the  24  deaths  in  this  group,  only  eight 
were  attributed  to  pulmonary  hemorrhage.  That  cortico¬ 
steroid  therapy  may  have  a  pulmonary  sparing  effect  Is 
further  suggested  by  several  case  reports  in  which  arrest 
of  pulmonary  bleeding  and  roentgenograph ic  clearing  of  the 
pulmonary  infiltrate  were  temporally  related  to  steroid 
therapy. *»9,' 3 .14  jn  acfd 1 1 f on ,  Fairley*3  has  described 
two  patients  who  had  immediate  recurrence  of  hemoptysis 
and  hematuria  following  a  sudden  large  reduction  in  dosage 
of  prednisone.  Unfortunately,  there  is  no  way  to  distinguish 
a  spontaneous  remission  from  treatment  effect.  The  present 
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patient  is  an  excellent  illustration  of  this  problem.  The 
pulmonary  infiltrate  observed  on  April  14,  1?64  (Fig.  1  A) , 
had  cleared  significantly  within  six  days  (Fig.  18)  without 
specific  therapy.  The  second  episode  of  pulmonary  hemorrhage 
(Fig.  1C)  was  treated  with  prednisone  and  again  prompt  im¬ 
provement  was  noted  (Fig.  ID).  These  observations  do  not 
vitiate  the  efficacy  of  corticosteroid  therapy  in  Goodpasture's 
syndrome;  it  is  conceivable,  for  example,  that  the  administra¬ 
tion  of  prednisone  during  the  first  episode  of  pulmonary 
hemorrhage  would  have  prevented  its  recurrence.  The  fre¬ 
quency  of  spontaneous  remissions  of  pulmonary  hemorrhage, 
however,  makes  it  impossible  to  conclusively  establish  the 
efficacy  of  corticosteroids  in  the  treatment  of  this  disease. 


A  beneficial  effect  of  corticosteroid  therapy  on  the 
nephritis  of  Goodpasture's  syndrome  has  also  not  been  clearly 
established.  In  certain  cases,  reversal  of  renal  involvement 
has  followed  early  therapy. ^>7,9, 10, 13, 14  Other  cases  have 
demonstrated  relentless  progression  of  nephritis  despite  the 
initiation  of  steroid  therapy  before  signs  of  advanced 
renal  insufficiency  were  present.  *  ’  * 


Corticosteroids  initiated  in  the  presence  of  advanced 
azotemia  have  never,  to  our  knowledge,  produced  an  arrest 
or  reversal  of  the  nephritis.  A  possible  exception  is  the 
atypical  case  of  Goodpasture's  syndrome  reported  by  Bloom 
and  mentioned  previously. 9  Although  corticosteroids  in  the 
present  patient  may  have  been  of  value  In  treating  the  second 
episode  of  pulmonary  hemorrhage,  severe  renal  involvement 
was  already  apparent  at  this  time.  The  absence  of  improve¬ 
ment  in  renal  function  was  therefore  not  surprising. 


The  successful  maintenance  of  this  patient  demonstrates 
that  the  diagnosis  of  Goodpasture's  syndrome  need  not  pre¬ 
clude  consideration  for  chronic  dialysis  or  renal  homo¬ 
transplantation. 

Summary 

A  patient  with  Goodpasture's  syndrome  maintained  by 
chronic  hemodialysis  Is  presented.  The  total  course  has 
exceeded  22  months  with  anuria  existing  for  the  past  16 
months.  Pulmonary  remission  has  persisted  for  one  year  since 
prednisone  was  discontinued.  The  diagnosis  of  Goodpasture's 
syndrome  need  not  preclude  consideration  for  chronic  dialysis 
or  renal  homctransplantation. 


28-16 


References 

!.  Saltzman,  P.W.,  West,  M. ,  and  Chomet,  B.:  Pulmonary 
hemosiderosis  and  glomerulonephritis.  Ann.  Intern. 

Med.,  56:409,  1962. 

2.  Duncan,  D.A.,  Drummond,  K.N.,  Michael,  A.F.,  and  Vernier, 
R.L.:  Pulmonary  hemorrhage  and  glomerulonephritis. 

Report  of  six  cases  and  study  of  the  renal  lesion  by  the 
fluorescent  antibody  technique  and  electron  microscopy. 

Ann.  Intern.  Med.,  62:920,  1965. 

3.  Benoit,  F.L.,  Rulon,  D.B.,  Thek,  G.B.,  Don'an,  P.D.,  and 
Watten,  R.H.:  Goodpasture's  syndrome.  Aclinico- 
pathologic  entity.  Amer.  J.  Med.,  37:424,  1964. 

4.  Canfield,  C.J.,  Davis,  T.E.,  and  Herman,  R.H.:  Hemorr¬ 
hagic  pulmonary- renal  syndrome.  Report  of  3  cases. 

New  Eng.  J.  Med.  268:230,  1963. 

5.  Pasternack,  A.,  Linder,  E.,  and  Kuhlback,  B.:  Glomerulo¬ 
nephritis  with  initial  pulmonary  hemorrhage.  Acta  Medica 
Scand i navi ca,  1/7:601,  1965. 

6.  Scheer,  R.L.,  and  Grossman,  M.A.:  Immune  aspects  of  the 
glomerulonephritis  associated  with  pulmonary  hemorrhage. 
Ann.  Intern.  Med.  60:1009,  1964. 

7.  A.?en,  E.A.,  and  Clatanoff,  D.V.:  Prolonged  survival  in 
Goodpasture's  syndrome.  Arch.  Iruern.  Med.  114:453,  1964. 

8.  Cleveland,  R.J,,  Lee,  H.M.,  Prout,  G.R.,  and  Hume,  D.M.: 
Preservation  of  the  cadaver  kidney  for  renal  homotrans¬ 
plantation  in  man,  Surg.  Gynec.  &  Obsiet.,  119:991,  1964. 

9.  Bloom,  V.R.,  Wayne,  0.J.,  and  Wrong,  O.M.:  Lyng  purpura 
and  nephritis  (Goodpasture's  syndrome)  complicated  by 
the  nephrotic  syndrome.  Arm.  Int.  Med.  63:752.  1965- 

10.  Joseph,  M. :  Nephritis  with  lung  hemorrhage.  Letter  to 
Editor,  Lancet  1:11 60 ,  1963. 

11.  McCaughey,  W.T.E.,  and  Tiiomas,  B.J.:  Pulmonary  hemorrhage 
and  glomerulonephritis.  The  relation  of  pulmonary  hemorr¬ 
hage  to  certain  ty  es  of  glomerular  lesions.  Amer.  J.  Clin. 

Path. ,  38:577,  196*. 


28-  17 


12.  Jones,  R.A.:  Acute  idiopathic  pulmonary  haemos i deros i s . 
Proc.  Roy.  Soc.  Med. ,53:344,  i960. 

13.  Fairley,  K.F.,  and  Kincaid-Smi th,  P.:  Goodpasture's 
syndrome  correspondence,  Brit.  Med.  J.,  2 : i 646 ,  1961. 

14.  Rusby,  N.L.,  and  Wilson,  C.:  Lung  purpura  with 
nephri  t is  .Quart .  J.  Med.  29:501,  19^0. 

15.  Randall,  R.E.,  Glazier,  J.S.,  and  Ligget,  M. :  Nephritis 
with  lung  hemorrhage.  Letter  to  Editor,  Lancet,  1:499. 
1963. 

Pub  1 i cations 


Freeman,  R.M. ,  Vertel,  P.M.,  and  Easterling,  R.E.: 
Goodpasture's  syndrome:  Prolonged  survival  with  chronic 
hemodialysis.  Arch.  Internal  Med.,  in  press. 

Presentations 


None 


FINAL  REPORT 


PROJECT  NO.  3AOl45GiB7lR,  RESEARCH  IN  BIOMEDICAL  SCIENCES 
REPORT  TITLE:  HYPOMAGNESEMIA  OF  UNKNOWN  ETIOLOGY 


US  ARMY  SURGICAL  RESEARCH  UNIT 
BROOKE  ARMY  MEDICAL  CENTER 
FORT  SAM  HOUSTON,  TEXAS 


1  January  to  31  December  1965 


Investigators: 

Richard  M.  Freeman,  Captain,  Mf 
Elinor  Pearson,  Major,  AMSC 


Reports  Control  Symbol:  RCS-MEOOH-28  (Rl) 
UNCLASSIFIED 

Qualified  requesters  may  obtain  copies  of  this  report  from  ODC 


29- ii 


ABSTRACT 

1.  PROJECT  NO.  3A014501  B71R,  RESEARCH  IN  BIOMEDICAL  SCIENCES 

2.  REPORT  TITLE:  HYPOMAGNESEMIA  OF  UNKNOWN  ETIOLOGY 

3.  US  Army  Surgical  Research  Unit,  Brooke  Army  Medical 
Center,  Fort  Sam  Houston,  Texas 

4.  Period  covered  in  this  report:  1  January  to  31  December  1965 

5.  Investigators:  Richard  M.  Freeman,  Captain,  MC 

Elinor  Pearson,  Major,  AMSC 

6.  Reports  Control  Symbol:  RCS-MEODH-288  (Rl) 


A  38-year-old  Caucasian  housewife  had  repeatedly  demon¬ 
strated  hypomagnesemia,  symptoms  of  intermittent  weakness 
and  abnormal  personality  behavior,  and  a  history  of  dermato- 
graphism  and  bronchial  asthma.  During  a  period  of  supplemental 
oral  magnesium,  there  was  a  positive  balance  of  magnesium  and  a 
rise  in  the  serum  magnesium  level.  The  hypomagnesemia  is  most 
likely  secondary  to  urinary  losses  of  this  cation,  although 
no  evidence  for  associated  renal  potassium  wasting  could  be 
established.  The  demonstration  of  hypomagnesemia  in  one  of 
her  children  suggests  a  possible  familial  tendency  for  this 
chemical  abnormality.  Data  were  not  collected  which  will 
allow  us  to  assess  the  pathological  significance  of  hypo¬ 
magnesemia  in  this  patient. 


(1)  Hypomagnesemia 

(2)  Magnesium  Metabolism 


hypomagnesemia  of  unknown  etiology 


Although  detailed  knowledge  regarding  human  magnesium 
metabolism  is  still  lacking,  hypomagnesemia  has  now  been 
described  in  association  with  many  disease  states.  Hypo¬ 
magnesemia  in  the  present  patient  was  unassociated  with  any 
of  these  diseases.  However,  the  discovery  of  hypomagnesemia 
in  one  of  the  patient's  children  has  suggested  a  possible 
familial  tendency  for  this  chemical  abnormality. 

Case  Report 

This  38-year -old  Caucasian  housewife  was  first  seen  in 
June  1964  when  she  came  to  the  Allergy  Clinic  to  continue 
desensitization  for  bronchial  asthma.  Because  of  psychiatric 
spnptcms,  the  diagnosis  of  primary  hyperparathyroidism  was 
considered.  Although  serum  calcium  and  phosphate  values 
were  normal,  the  serum  magnesium  determinations  were 
repeatedly  less  than  1  mEq/L  (normal  mean  1.7  mEq/L  with 
range  from  1.4  to  2.0  mEq/L.) 

Because  of  her  psychiatric  difficulties,  it  was  diffi¬ 
cult  to  pinpoint  major  complaints.  For  several  years,  how¬ 
ever,  she  had  noticed  a  'Weak  feel ing"  which  seemed  to  occur 
with  progressive  frequency.  This  weakness  appeared  abruptly, 
lasted  a  few  minutes,  and  was  occasionally  assorted  with 
numbness  and  tingling  on  the  left  side  of  her  b'-uy .  These 
symptoms  occurred  at  no  particular  time  and  we.  *  *st  related 
to  exertion. 

She  had  episodes  of  shortness  of  breath  which  were  not 
asthmatic  in  origin.  The  above  symptoms  were  considered 
typical  of  the  hyperventilation  syndrome.  She  complained 
of  intermittent  headaches  of  progressive  severity.  These 
usually  began  at  the  occiput  and  radiated  to  the  face;  they 
lasted  from  a  few  minutes  to  many  hours.  Menstrual  periods 
had  been  irregular  throughout  her  life,  usually  associated 
with  premenstrual  cramps.  Although  a  large  variety  of 
medications  had  been  taken  prior  to  June  1964,  she  denied 
the  regular  use  of  any  medications  subsequently  except  for 
an  infrequent  Quedrinal  teblatfor  asthma. 

The  mother  furnished  information  about  the  patient's 
infancy  and  childhood.  She  weighed  six  poundt  at  birth  and 
developed  normally  until  nine  months  when  she  refused 
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cow's  milk  after  being  weaned  from  the  breast.  Her  appetite 
was  poor  and  "enormous  stools"  were  noted.  At  one  year,  she 
weighed  12  pounds  and  was  said  to  be  suffering  from  "fat 
indigestion."  She  was  given  a  special  diet,  and  by  18 
months  of  age  had  reached  normal  weight. 

At  12  years,  she  developed  an  acute  episode  of  wheeling. 
The  diagnosis  of  bronchial  asthma  was  made  subsequently 
and  she  has  had  intermittent  asthmatic  attacks  since  that 
time.  There  was  a  documented  history  of  dermatographism. 

In  June  I960,  she  was  hospitalized  because  of  chills,  fever, 
dysuria,  and  diarrhea.  The  initial  impression  of  urinary 
tract  infection  was  not  confirmed  by  cultures.  Low  grade 
fever  continued  for  11  days,  but  finally  disappeared  without 
specific  therapy. 

In  April  1961,  she  was  acknitted  to  a  psychiatric 
service  because  of  abnormal  mental  behavior.  Schizophrenic 
reaction  was  diagnosed,  and  she  left  the  hospital  against 
the  advice  of  her  doctor  10  days  later.  A  second  psychiatric 
achission  occurred  in  July  1961,  during  the  third  month  of 
her  fourth  pregnancy,  again  for  schizophrenic  behavior. 

Mental  improvement  followed  large  doses  of  Thorazine. 

Her  father  died  at  56  years  from  carcinoma  of  the 
pancreas  and  rheumatic  heart  disease.  Her  60-year-old 
mother  is  living  and  well.  Her  36-year-otd  sister  is 
nervous  but  otherwise  healthy. 

Physical  examination  revealed  a  thin  but  normally 
developed  white  woman  with  height  160  centimeters  (63 
inches),  weight  45  kilograms  (99  pounds),  blood  pressure 
90/60  and  pulse  60.  There  was  mild  facial  flushing  and 
evidence  of  healed  furunculosis  over  the  back.  Oermeto- 
graphism  could  not  be  demonstrated.  Examination  of  the 
eyes,  ears,  nose,  throat  and  breasts  was  normal.  There 
was  no  palpable  thyroid  or  lymphedenopathy.  Auscultation 
of  the  lungs  was  normal.  The  heart  was  not  enlarged;  heart 
sounds  were  normal  and  no  murmurs  were  heard.  There  were 
no  palpable  abdcminal  organs.  Pelvic  examination  revealed 
a  marked  rectocele.  Mild  varicosities  were  noted  on  the 
lateral  aspects  of  both  hips.  Peripheral  pulses  were  all 
strong.  Both  crwontek's  and  Trousseau's  signs  ware  negative, 
and  deep  tendon  reflexes  were  hyperactive  bi laterally. 

No  fasciculations  were  noted,  and  tha  sensory  examination 
was  normal. 
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From  February  to  June  1965,  she  was  seen  as  an  outpatient 
on  numerous  occasions  with  multiple,  nonspecific  complaints. 
Although  hypomagnesemia  was  confirmed  repeatedly,  none  of  her 
symptoms  could  be  ascribed  with  certainty  to  magnesium  de¬ 
ficiency.  The  other  serum  electrolytes  were  within  normal 
limits.  Eosinophil ia  was  demonstrated  on  peripheral  blood 
smear  and  an  intermittent  tendency  toward  lymphocytosis 
was  noted.  She  excreted  between  5  and  15  mEq  of  magnesium 
in  the  urine  daily  on  a  self-selected  diet.  The  following 
X-rays  were  normal:  chest,  bone  survey,  intravenous  pyelo- 
gram.  An  electroencephalogram  revealed  a  borderline, 
nonfocal,  slow  record  with  intermittent  fast  activity.  Mis¬ 
cellaneous  laboratory  data  appear  in  Table  1. 

Since  the  hypomagnesemia  in  this  patient  did  not  appear 
to  be  associated  with  any  of  its  recognized  causes  (Table  2), 
a  description  of  the  case  was  sent  to  Or.  Louis  G.  Welt  of 
the  University  of  North  Carolina  School  of  Medicine.  Dr. 

Welt  was  in  the  process  of  evaluating  two  separate  families  with 
hypomagnesemia  and  suggested  that  the  family  members  of  the 
present  patient  be  checked  for  this  chemical  abnormality. 

Table  3  shows  the  results  of  this  undertaking.  Of  the 
seven  family  members  tested,  only  the  three-year-old  son 
had  a  definitely  low  serum  magnesium  level  on  two  separate 
occasions.  Unfortunately,  the  family  moved  to  a  different 
area  so  that  further  evaluation  of  hypomagnesemia  In  this 
child  could  not  be  undertaken. 

On  June  30,  1965,  the  patient  was  admitted  to  the 
Surgical  Research  Unit  for  metabolic  studies. 

Methods 

The  17-day  study  was  divided  into  four  periods  with 
specific  treatment  as  follows: 

Period  One?  Five  days  on  constant  diet  to  establish  a 
baseline. 

Period  TWo:  Three  days  with  the  same  constant  diet. 

On  the  first  day  of  this  period,  80  mEq  Mg  $04  were  infused 
over  a  six-hour  period. 

Period  Three:  Five  days  of  constant  diet  continued, 
with  40  mEq  magnesium  supplement  given  as  oxide. 
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Table  1,  Ml  teal lanaous  laboratory  Data 


IV**tocrlt  Neutro-  lympho-  Mono-  Eotlno-  Baso- 

TKC  irt  V8C/cu  im  phi  Is  cytas  cytas  phi  Is  phi  Is 


March 

1943 

Kb 

$600 

Jb 

St 

12 

2 

1 

Oecamber 

196b 

7900 

5b 

37 

1 

8 

March 

1965 

41 

7800 

35 

52 

b 

7 

2 

June 

1965 

4 3 

7600 

31 

55 

3 

10 

July 

1965 

TB 

7600 

51 

b2 

2 

5 

Urlnalysasi  or  6,5  or  v«ts  on  ,  ost  determinations!  sugar,  protein,  and  sediment 
negative  on  numerous  determt-iat  ion? 

Urine  cultural  nc  graveh  on  three  occasions. 

Total  protein  7,1  gn/IOT  ml:  albunin  66. $X)  alpha-1 -globulin  3. 5X|  alpha-2- 
globulin  9. 7%>  bats  globulin  0- 6%;  gamna  globulin  9. 7X. 

Serum  bilirubin  0,-5  mg/  in*,  -el)  thyao!  turbidity  b  unltsi  senmi  alkaline 
phosphatase  ).*  Sodantky  units;  same  glutamic  oxaloacetic  transaminase  lb  units) 
serum  cholesterol  142  img/100  mi  serologic  test  for  syphilis  nonreecttve. 

Plasma  cortisol  20  seg/'OOei. 

Hood  volwea  (PISA  mathoo)  J*dK>  m!  (76  mtAg). 

t  absorption  of  radioactive  tticlaini  2  hours  •  10. 3X|  )  hours  -  I0.JX)  b  hours  - 
IO.8X1  5  hours  -  9.7X)  6  hmun  .  8.7X. 

Urinary  porpnob  i  It  nogams  none-  urinary  coproporphyrlns  2b.9  meg/lb  hr)  urinary 
uroporphyrins  none. 

Urinary  17-hydroxycorticoeteroids  1.2  ag/Ib  hr|  urinary  katosterolds  b.8  mg/2b  hr> 
urinary  uric  add  J5I  mg/2b  hr. 

Radioactive  Iodine  uptake  ISX/2b  hr 

Parotid  fluid  flom  roto  1.J7  ml  Ain;  sodltxs  74.5  «€rA)  potesslias  19.4  afqA. 
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Tabla  2.  0( HIHI  Associated  with  Hyponagnasaatla 

Disease  Reasons  for  Exclusion 

frloary  aldosteronism1 5  I,  Absence  of  hypertension 

2.  Nona*)  seruei  x,  CO] 

3.  NonMl  Ns/K  of  soli  VO,  urlno 

4.  Nomal  blood  veluaa 

1.  Nonsal  aaruat  Co,  pOi,,  otkollno  phosphatase 

2.  Abaanco  of  kidney  atonas,  bona  I  as  Iona 

3.  Absanca  of  hyparcalclurla 

1 .  Noriast  urinary  Mg 

2.  Absanca  of  ayaptms 
3-  Nonas*  radioactive  trlolain  absorption 

Nonas  1  RAI  up  taka 

1.  No  ratal  aartaa  Ns,  X,  Cl,  00} 

2.  Acid  urlna 

Irappropr lata  sacratlon  of  W  1.  Noras)  aanaa  Na  and  oaaolallty 

assoclatsd  with  scuta  Intar.  .  „  .  .... 

■Ittant  porphyria*’ >22  *•  Absanca  of  urinary  porphabl I Inogena 

bronchi al  asthteeJJ  Mypoaogneeaala  of  this  degree  not 

pravtaualy  obsarvad  (saa  discussion) 

Olsoasas  Nat  Partlnant  to  fc-oeent  fat  I  ant 

(■coast va  lactation2*  Ourtng  tree  Mont  of  diabolic  acidosis)1 

Nyparcalcsola  of  oal Ignoney****  Chranlc  elcohotleo,  del (riot  traoane, 

clrrhaalsW'J* 

Diuretic  phosa  of  acuta  tubular  frclsngod  porantorai  fluids****® 

nacrotla 

Dluratlc  therapy2*"*®!  Chloro-  Acuta  pancreatitis*1 

thlaaldas,  oorcurtals,  M^ct 

(acaaslva  uaa  of  purgatlvas  Malnutrition^1 


frloary  hyparparathyroldlsai,  asp, 
following  removal  of  tuuor*»9 

Malabsorption  syndrome10'1® 

Hyperthyroidism1* 

•anal  tubular  acidosis2® 
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Table  3*  Serum  Magnesium  on  Family  Members 


Relative  Serum  Magnesium  (mEq/L) 

Mother  1.70 

Sister  1.47 

Thirteen-year-old  son  1.50 

Seven-year-old  son  1.70 

Five-year-old  daughter  1.68;  ’.69 

Three-year-old  son  1.12;  1.20 

Maternal  cousin  1.51 


Normal  value 


1.70 


Period  Four:  Low  potassium  formula  given  plus  Kayexalate, 
10  gm  t.i.d.  A  78  kilogram  male  was  on  the  same  dietary  in¬ 
take  and  dose  of  Kayexalate  during  this  period. 

The  composition  of  the  diets  is  presented  in  Table  4. 
Heparinized  blood  samples  were  obtained  intermittently  through 
out  the  study;  24-hour  urines  were  collected  daily.  Carmine 
stool  markers  were  adninistered  at  the  beginning  of  each 
period  and  at  the  end  of  period  Four.  Inadequate  stool  col¬ 
lections,  however,  vitiated  the  data  on  the  first  eight  days, 
and  values  are  given  only  for  Periods  Three  and  Four.  Stools 
were  ashed  and  dissolved  in  hydrochloric  acid  prior  to 
chemical  determination. 

The  following  chemical  methods  were  used:  magnesium  - 
automated  spectrophotometric  method  with  Eriochrame  Black 
T^3  •  calcium  -  modification  of  method  of  Kessler  and 
Wolfman^;  phosphate  -  Fi ske-Subbarow  method  adapted  to 
the  Auto  Analyzer;  sodium  -  Baird  flame  photometer; 
potassium  -  Baird  flame  photometer;  chloride  -  Schales  and 
Schales;  total  &>2  "  Van  Slyke  manometric  method;  creatinine  - 
Folin-Wu. 

Results 

Period  One:  During  the  first  five  days,  the  serum  mag¬ 
nesium  varied  between  0.90  am  1.01  mEq/L  (see  Table  5  and 
Fig.  1).  The  other  serum  electrolytes  were  normal.  The 
daily  urinary  excretion  of  magnesium  averaged  7.6  mEq  or 
approximately  43%  of  the  analyzed  intake. 

Period  TWo:  On  July  6,  80  mEq  of  magnesium  sulfate 
were  administered  intravenously  over  a  sixrhour  period.  The 
serum  magnesiun  was  1.01  mEq/L  prior  to  the  infusion  and 
3 .87  mEq/L  at  the  end  of  six  hours.  The  serum  calcium 
dropped  frcm  4.69  to  4.32  mEa/L;  the  serum  phosphate  de¬ 
creased  from  3.33  to  2.64  mg/100  ml.  During  the  six  hcurs 
of  magnesiun  infusion,  no  clinical  or  electrocardiographic 
changes  were  noted.  An  estimate  of  the  urinary  excretion 
of  the  infused  magnesiun  was  made  by  subtracting  twice  the 
average  daily  excretion  of  the  baseline  period  from  the 
•mount  excreted  during  the  48  hours  following  the  infusion. 

The  remaining  amount  was  63%  of  the  parenteral 1y  adninistered 
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Table  4.  Daily  Dietary  Intake  for  Balance  Periods 


Element  Period 


I,  II,  III 

IV 

Magnesium,  mEq 

17.8* 

10.5* 

Calcium,  mEq 

64.1* 

10.8* 

Phosphorus,  mg 

1613 

608 

Sodium,  mEq 

78* 

285*# 

Potassium,  mEq 

72* 

22* 

Protein,  gm 

98.5 

39.4 

Calories 

1832 

GO 

*By  chemical  analysis 

/^Includes  additional  84  mEq/day  in  Kayexalate 


Exorossed  as  total  Output  per  2^  hours. 


Figure  1.  Protocol  of  metabolic  study  reflecting 
changes  in  serum  and  urinary  magnesium. 
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magnesium.  Three  days  following  the  infusion,  the  serum  mag¬ 
nesium  had  returned  to  baseline  levels. 

Period  Three;  During  the  five-day  period  of  supplemental 
magnesium  oxide,  the  s^um  magnesium  rose  from  1.0  to  1.3 
mEq/L.  A  positive  balance  of  43  mEq  of  magnesium  was  achieved 
in  spite  of  an  associated  increased  urinary  output  of  mag¬ 
nesium.  Thirty-nine  per  cent  of  the  oral  magnesium  was  ab¬ 
sorbed,  and  62  per  cent  of  the  absorbed  magnesium  appeared  in 
the  urine.  No  changes  in  urinary  calciun  and  phosphate  excre¬ 
tion  were  observed  during  this  period  of  supplemental  mag¬ 
nesium  intake. 

Period  Four;  During  the  four-day  period  of  potassium  re¬ 
striction,  negative  potassium  balances  of  129  mEq  and  215 
mEq  were  observed  for  the  patient  and  control,  respectively. 

This  loss  was  2.9  mEqAg  body  weight  in  the  patient  and  2.8 
mEqAg  body  weight  in  the  control.  In  the  patient,  the  serum 
potassium  dropped  from  4.3  to  2.6  mEq/L  with  no  change  in  total 
CO2  content  during  this  interval.  This  drop  of  1.7  mEq/L  was 
comparable  to  the  decrease  in  serun  potassium  noted  in  the  con¬ 
trol  subject  (Table  6).  The  reduction  in  urinary  potassivn  in 
the  patient  was  prompt  with  excretion  of  20  mEq  on  the  fourth 
day  of  restriction.  Both  patient  and  control  demonstrated  ir¬ 
ritability  and  lessened  ability  to  concentrate  during  this  period. 

Although  the  patient's  weight  was  stable  during  the  first 
14  days  of  study,  an  increase  of  1.45  kilograms  occurred  dur¬ 
ing  the  four  days  of  potassium  restriction.  This  gain  corres¬ 
ponds  well  with  the  positive  sodium  balance  of  330  mEq  ob¬ 
served  during  the  same  time. 

Fortuitously,  the  potassium  deficient  formula  was  also 
moderately  restricted  in  magnesium  (10  mEq/day).  A  negative 
magnesium  balance  of  54  mEq  was  measured,  and  the  serin  mag¬ 
nesium  dropped  from  1.30  to  0.76  mEqA.  Stool  losses  accounted 
for  most  of  the  magnesium  deficit,  and  some  renal  conservation 
of  magnesium  was  apparent  on  the  fourth  day. 

Discussion 

In  spite  of  the  renewed  interest  in  magnesium  metabolism 
during  the  past  decade,  detailed  knowl edge  regarding  human 
magnesium  deficiency  is  still  lacking.  Typical  character¬ 
istics  have  been  difficult  to  define  because  other  electro¬ 
lyte  abnormalities  are  generally  associated  with  magnesium 
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Table  6.  Influence  of  Potassium  Restriction  on  Plasma  and 
Urine  potassium  in  a  Hypomagnesemic  Patient 


Plasma  Potassium  Urine  Potassium 
(mEq/L)  (rAf.q/0«y) 

Patient  Control  Patieht  Control 


14  July 

4.3 

5.0 

41 

51 

15  July 

4.0 

4.7 

29 

43 

16  July 

3.9 

4.3 

31 

44 

17  July 

2.8 

3.4 

20 

25 

18  July 


3.4 


2.6 


18 
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depletion.  The  signs  and  symptoms  most  frequently  associated 
with  this  condition  are  listed  in  Table  7.  Some  are  contro¬ 
versial.  For  example,  is  tetany  in  its  classical  form  a 
manifestation  of  magnesian  deficiency?  Vallee  and  his  co¬ 
workers  have  described  carpopedal  spasms  associated  with  low 
serum  magnesium  values  in  a  number  of  disease  states.  ^ 
MacIntyre,  on  the  other  hand,  has  stressed  that  calcium  ab¬ 
normalities  may  have  been  responsible  for  the  tetany  ob¬ 
served,  and  that  the  latter  symptom  is  not  part  of  the 
magnesium  deficiency  syndrome.1*®  Although  we  are  unable 
tc  resolve  this  controversy,  it  is  clear  that  marked  hypo¬ 
magnesemia  .nay  be  present  in  a  patient  without  manifesta¬ 
tions  of  overt  or  latent  tetany.  Certainly,  the  nonspeci¬ 
ficity  of  the  signs  and  symptoms  of  magnesium  deficiency 
emphasizes  the  need  for  confirmatory  evidence  of  this 
di sorder. 

The  following  methods  have  been  utilized  by  various 
investigators  in  the  diagnosis  of  magnesium  deficiency* 
serum  magnesium,  erythrocyte  magnesium;  muscle  magnesium; 
measurement  of  "exchangeable"  magnesium;  metabolic  balance 
studies  of  magnesium;  and  the  renal  response  to  parenterally 
administered  magnesiun.  Since  there  are  technical  and/or 
theoretical  objections  to  each  of  these  procedures,  mag¬ 
nesiun  deficiency  remains  difficult  to  prove  clinically. 

These  methods  and  acme  of  their  limitations  will  be  con¬ 
sidered  briefly. 

It  has  been  established  that  the  range  of  serum  mag¬ 
nesium  values  in  healthy  humans  is  quite  narrow  since 
reliable  and  pracise  methods  for  the  measurement  of  mag¬ 
nesiun  have  become  a  vail  able*  **3#  **7-52  the  wlda  ranges  in 
norma!  values  quoted  from  the  earlier  literature  are  probably 
due  to  the  imprecision  of  the  older  methods.  Although  most 
cases  of  magnesium  deficiency  have  had  demonstrable  hypo¬ 
magnesemia,  documented  instances  of  megneslum  depletion  with 
normal  serus  values  have  been  reported. 17»65  Clinical  in¬ 
vestigations,  ere  still  too  limited  to  state  with  certainty 
that  hypomagnesemia  is  always  indicative  of  magnesium 
depletion,  although  such  a  relationship  has  been  true  in 
most  reports.  In  animal  studies,  however,  hyiwmagnesepia ' 
does  not  necessarily  imply  magnesium  deficiency.  It  Has 
been  demonstreted  in  rats  that  hypomagnesemia  In  t m  absence 
of  tissue  depletion  of  magnesium  follows  the  *d*ii sfriHoo. 
of  Vitamin  0.53 
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Table  7-  Symptoms  of  Magnesium  Deficiency 
(From  Welt  and  Gi tel  man:  Disorders  of  Magnesium  Metabolism) 

1.  Neuromuscular  disorders 

Weakness 

Muscle  fascicul ation 
Gross  physical  tremors 
Positive  Chvostek^  sign  (occasionally) 
Classical  tetany  (controversial) 

2.  Central  nervous  system  changes 

Personality  changes 

Anxiety,  agitation,  delirium,  psychosis 
Convulsions 

Choreo-athetoid  movements 


4 
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been  used  clinically  to  confirm  the  diagnosis  of  magnesium 
deficiency.  Smith,  et  aJL,  for  example,  found  a  higher  in¬ 
cidence  of  decreasecTerythrocyte  magnesium  than  hypo¬ 
magnesemia  in  patients  with  delirium  tremens. 33  They  sug¬ 
gested  that  the  former  measurement  was  a  better  estimate 
of  the  magnesiun  deficient  state  than  the  serum  magnesium 
level.  Erythrocyte  magnesium  has  been  measured  in  a  variety 
of  clinical  states  with  conflicting  resul ts. 19,54-62  A 
pertinent  limitation  to  this  method  may  be  delated  to  the 
age  of  the  red  blood  cells  which  are  analyzed.  Ginsberg, 
et  a  1 . ,  induced  reticulocytosis  in  rabbits  with  the  ad- 
mTnTstration  of  phenyl hydrazine. 63  These  reticulocytes 
had  a  higher  magnesiun  concentration  than  older  red  blood 
cells.  They  noted  also  a  positive  relationship  between 
the  reticulocyte  count  and  erythrocyte  magnesium  con¬ 
centration  in  man.  These  findings  have  been  confirmed 
more  recently  by  Erlandson,  et  ak ,  who  demonstrated  in¬ 
creased  erythrocyte  magnesiun  levels  in  patients  with 
thalassemia  and  sickle  cell  anemia. 64  The  above  con¬ 
siderations  make  it  unlikely  that  the  magnesium  concen¬ 
tration  of  red  blood  cells  will  be  a  useful  confirmatory 
test  for  magnesium  deficiency. 

MacIntyre  and  his  colleagues  have  utilized  the  measure¬ 
ment  of  the  magnesium  concentration  in  biopsfed  muscle  to 
aid  in  diagnosing  clinical  magnesium  deficiency.  *  The 
positive  relationship  between  depressed  muscle  magnesium 
and  magnesium  deficiency  in  rats  provides  a  firm  foundation 
for  the  utilization  of  this  test  in  man. 66,67  However, 
data  frcm  normal  humans  are  still  scanty  at  this  time. 

In  the  few  patients  in  which  this  test  has  been  performed, 
the  relationship  between  muscle  magnesium  and  the  apparent 
deficit  of  magnesium  was  good.  In  one  patient,  decreased 
muscle  magnesium  was  considered  diagnostic  of  magnesiun 
deficiency  in  the  presence  of  normal  serum  magnesium. 65 
Unfortunately,  this  technique  requires  a  generous  amount 
of  tissue,  and  the  preparation  for  analysis  is  time  consuming. 

Is  tope  studies  of  ••exchangeable"  magnesium  have  bean 
performed  by  a  number  of  investigators,  especially  in  animal 
experiments. 65, 68-72  However,  such  studies  in  health  and 
disease  are  few,  ar.d  attempts  to  correlate  other  tests  of 
Magnesium  deficiency  with  exchangeable  magnesium  values 
are  limited.  The  values  which  have  been  obtained  suggest 
that  e  relatively  small  proportion  of  tht  total  body  magnesium 
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is  available  to  replace  acute  losses  of  magnesium  from  the 
extracellular  fluid. 

The  demonstration  of  a  positive  magnesium  balance  dur¬ 
ing  a  period  of  prolonged  metabolic  observation  is  also 
evidence  of  a  magnesium  depleted  state. 73  (Table  8) 

In  1958,  Fitzgerald  and  Fourmar,  studied  experimentally- 
induced  magnesium  deficiency  in  two  healthy  males. 74  At 
the  end  of  the  period  of  magnesium  depletion,  the  cal¬ 
culated  magnesium  deficits  of  each  were  administered  by 
vein.  Unlike  normals,  who  usually  excrete  intravenously 
administered  magnesium  quantitatively  in  the  urine  within 
48  hours,  these  subjects  showed  significant  retention  of 
the  administered  cation.  On  the  basis  of  this  observation, 
Fourman,  et  al.,  subsequently  suggested  that  retention 
of  intravenously  adninistered  magnesium  is  consistent  with 
magnesium  deficiency  even  when  serum  levels  are  normal. 17 
A  prerequisite  for  this  test  is  normal  renal  mechanisms 
for  conserving  magnesium.  This  test  would  therefore  be  of 
no  diagnostic  value  if  the  magnesium  deficient  state  were 
secondary  to  faulty  renal  mechanisms.  For  example,  in¬ 
creased  renal  clearances  of  magnesium,  as  well  as  hypo¬ 
magnesemia,  have  been  demonstrated  in  patients  with  primary 
aldosteronismJ -3  In  such  patients,  the  absence  of  reten¬ 
tion  of  parenteral ly  Injected  magnesium  could  not  be  used 
as  evidence  against  underlying  magnesium  deficiency. 
Conversely,  patients  with  severe  renal  disease  and  reducf.d 
glomerular  filtration  rates  excrete  magnesium  slowly. 75, /« 
Retention  of  magnesium  in  such  patients  does  not  necess/rily 
imply  associated  magnesium  depleted  state. 

Three  of  the  tests  summarized  above  were  performed  in 
the  present  patient.  The  serum  magnesium  was  markedly 
depressed  on  nunerous  occasions.  The  hypomagnesemia  was  con¬ 
firmed  by  analysis  in  two  separate  laboratories  using  dif¬ 
ferent  methods  of  magnesium  determination.  This  should 
eliminate  any  possible  artefactual  depression  of  serum  mag¬ 
nesium  due  to  methodology. 

During  five  days  of  supplemental  oral  magnesium  (Period 
III),  a  positive  magnesiun  balance  of  4)  mE,>  was  noted  as 
well  as  a  rise  in  serum  magnesium  from  1  to  1.3  «Eq/l* 

Further  suggestive  evidence  of  magnesium  depletion  appeared 
during  Period  IV  when  a  drop  in  serum  m.gnesium  from  1.3  to 


O 
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Laboratory  Methods  Used  to  Establish  Diagnosis 
of  Magnesium  Deficiency 

t  and  Gitelmar. .  Disorders  of  Magnesium  Metabolism) 

Magnesium  balance 
Muscle  analysis 

Retention  of  magnesium  following  acute  paren¬ 
teral  administration 

Isotope  studies 

Serum  magnesium 

Erythrocyte  magnesium 
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0.76  mEq/L  was  demonstrated  and  a  negative  magnesium  balance 
of  53  mEq  was  calculated.  Although  longer  periods  of  meta¬ 
bolic  balance  would  have  been  desirable,  the  results  in 
Periods  III  and  IV  are  consistent  with  a  magnesium  depleted 
state  (Fig.  2). 

The  interpretation  of  the  response  of  this  patient  to 
the  intravenously  adninistered  magnesium  is  equivocal.  Ap¬ 
proximately  63  per  cent  of  the  administered  magnesium  was 
excreted  in  the  urine  within  a  48-hour  period.  This  figure 
is  somewhat  less  than  '’normal"  but  higher  than  that  demon¬ 
strated  in  patients  with  malabsorption  and  presumed  mag¬ 
nesium  deficiency. ’7  As  mentioned  above,  a  prerequisite 
for  this  test  is  normal  renal  mechanisms  for  conserving 
magnesium.  The  patients  of  Fourman,  et  al.,  with  malab¬ 
sorption  had  negligible  amounts  of  magneTTum  in  the  urine 
prior  to  the  test,  suggesting  excellent  renal  conservation. 
Low  urinary  magnesium  excretion  was  accomplished  in  spite 
of  normal  serum  levels  of  magnesium  and  therefore  presumably 
normal  filtered  loads  of  this  cation. 

In  the  present  patient,  however,  the  quantity  of  mag¬ 
nesium  excreted  in  the  urine  in  the  face  of  marked  hypo¬ 
magnesemia  was  inappropriately  high.  This  suggests  to  us 
that  the  inability  of  her  kidneys  to  conserve  magnesium  may 
have  been  responsible  for  the  hypomagnesemia  observed.  The 
protocol  was  not  specifically  designed  to  test  the  ability 
of  this  patient's  kidneys  to  conserve  magnesium.  During 
potassium  restriction  (Period  IV),  however,  the  intake  of 
magnesium  was  moderately  reduced  to  10  mEq  per  day,  a 
negative  magnesium  balance  was  demonstrated,  and  the  serum 
magnesium  decreased  from  1.3  to  0.76  mEq/l.  Some  renal 
conservation  of  magnesium  was  apparent  since  the  urinary 
magnesium  excretion  was  down  to  2.5  mEq  on  the  fourth  day 
of  this  period.  In  those  few  studies  available  on  experi¬ 
mentally  induced  magnesi up  deficiency  in  normals,  however, 
the  urinary  magnes ium  has  been  1  mEq  per  day  or  Jess  by  the 
time  a  negati^  magnesium  balance  of  50  mEq  has  been 
achieved. 74-81  Unfortunately,  we  are  unable  to  estimate 
the  total  magnesium  deficit  in  this  patient  when  her  serum 
magnesium  was  0.7 6  mEq/l. 

Aberrations  in  potassium  metabolism  have  been  present 
in  many  diseases  in  which  magnesium  deficiency  has  been  dis¬ 
covered.  f ”3»2o, 27,31 »4l  The  patients  with  familial 
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hypomagnesemia  under  investigation  by  Dr.  Louis  G.  Welt  had 
evidence  of  associated  potassium  deficiency.  It  was  for 
this  reason  that  she  was  placed  on  a  potassium  deficient 
fonnula.  While  on  this  diet,  the  decrease  in  serum  potassium 
of  the  patient  was  comparable  to  that  of  the  control,  and 
similar  losses  of  potassium  were  noted  in  each  when  expressed 
per  ki’ogram  of  body  weight  (Table  6).  The  patient  excreted 
20  mEq  of  potassium  on  the  fourth  day  of  restriction.  This 
excretion  compares  favorably  to  the  response  of  normal;  to 
potassium  restricted  diets  as  noted  in  the  literature, 
although  there  are  admittedly  limitations  to  such  comp*,  ions. 
We  therefore  have  nothing  to  confirm  a  renal  potassium  wasting 
defect  in  this  patient. 

The  patient,  therefore,  had  repeatedly  demonstrated 
hypomagnesemia  without  other  evidence  of  electrolyte  ab¬ 
normalities.  Documentation  of  hypomagnesemia  in  one  of  her 
children  suggests  a  familial  tendency.  Since  we  are  unable 
to  rule  out  recognized  causes  of  hypomagnesemia  in  this 
child,  however,  further  speculation  regarding  a  familial 
origin  of  this  chemical  abnormality  seems  inadvisable  at 
this  time. 

Of  the  various  signs  and  symptoms  associated  with  mag¬ 
nesium  deficiency  (Table  7),  only  weakness  and  personality 
changes  were  present  in  this  patient.  Weakness  was  a  sub¬ 
jective  complaint;  no  evidence  of  decreased  strength  was 
apparent  on  physical  examination.  She  had  twice  been  hos¬ 
pitalized  for  psychotic  behavior,  and  she  shewed  evidence  of 
agitated  depression  while  under  our  observation. 

Of  the  many  diseases  which  have  been  associated  with 
hypomagnesemia  (Table  2),  only  two  deserve  more  than  passing 
reference  in  this  patient. 

The  most  frequent  and  best  documented  case  reports  of 
magnesium  deficiency  have  occurred  in  patients  with  mal¬ 
absorption.  10-18  The  present  patient  had  a  clinical  history 
suggestive  of  celiac  disease  in  infancy  although  no  symptoms 
of  malabsorption  were  present  during  her  adult  life.  The 
best  evidence  against  malabsorption  in  this  patient  is  the 
significant  amount  of  magnesium  appearing  in  her  urine.  In 
patients  with  magnesium  deficiency  secondary  to  malabsorption, 
urinary  magnesium  excretion  has  been  extremely  low,  usually 
less  than  1  mEq  per  day. '3-15,17  Hypocalcemia  and  hypo- 
albuminemia  have  been  present  in  many  of  these  cases, 


and  clinical  evidence  of  gastrointestinal  disturbance  has 
been  obvious. 

Because  this  ttient  has  a  history  of  asthma,  the  as¬ 
sociation  of  hypomagnesemia  and  bronchial  asthma  reported 
Haury  also  warrants  di scussion.23  In  1940,  he  reported 
that  1 3  of  26  patients  were  hypomanoesemic  during  acute 
attacks  of  bronchial  asthma;  37  out  of  40  asymptomatic 
asthmatic  individuals,  however,  had  normal  serum  magnesium 
values.  We  are  unaware  of  any  followup  study  which  has  con¬ 
firmed  Haury's  findings,  although  magnesium  is  occasionally 
recommended  in  the  treatment  of  bronchial  asthma. ®2  During 
observation  of  the  present  patient,  asthma  was  not  a  clinical 
probl  em. 

Although  the  association  of  bronchial  asthma  with  hypo¬ 
magnesemia  "iay  be  fortuitous  in  this  patient,  certain  as¬ 
pects  of  magnesium  deficiency  in  animals  have  suggested  a 
relationship  between  allergic  states  and  magnesium  metabolism. 
Peripheral  eosinophil ia  of  the  blood  is  a  recognized  part  of 
the  magnesium  deficiency  syndrome  in  rats.  ^  Eosinophil ia 
of  various  organs  in  association  with  decreased  mast  cells 
has  also  been  described,  and  more  recently  increased  plasma 
and  urinary  levels  of  histamine  have  been  measured  in  these 
animal s.®^_®°  The  eosinophil ia  can  be  blocked  by  pretreatment 
with  an  antihistamine,  Pyribenzamine.  The  peripheral  vaso¬ 
dilatation  of  the  skin  characteristic  of  magnesium  depleted 
rats  is  also  presumably  related  to  endogenous  histamine 
release.  Both  the  eosinophil ia  and  peripheral  vasodila¬ 
tation  are  especially  prominent  during  the  acute  phase  of 
magnesiun  depletion.  Urticarial  reactions  have  also  been 
noted  in  dogs  acutely  depleted  of  magnesium  by  hemo¬ 
dialysis.  87  Finally,  magnesium  has  been  said  to  exert  a 
protective  influence  against  acute  anaphylactic  shock  in 
guinea  pigs.®® 

Although  dermatographism  was  not  present  while  the 
patient  was  under  our  observation,  it  hj>d  at  one  time  been 
striking.  During  that  interval,  her  case  had  been  utilized 
for  teaching  purposes  by  the  Oermatology  Cervice.  Because 
of  the  similarity  between  human  dermatogru  nism  and  peri¬ 
pheral  vasodilatation  in  rats,  one  cannot  resist  the  specula¬ 
tion  that  dermatographism  in  this  patient  may  have  been  a 
manifestation  of  an  acute  phase  of  magnesium  deficiency. 

We  are  unaware,  however,  of  a  previous  clinical  association 
between  hypomagnesemia  and  dermatographism. 


In  summary,  this  pa’.'e-t  had  repeatedly  demonstrated 
ny  oomagnesem  i  •> ,  symptoms  of  intermittent  weakness  and  ab¬ 
normal  personality  behavior,  and  a  history  of  dermato- 
graphism  and  bronchial  asthma.  During  a  period  of  sup- 
pi  omenta'  oral  magnesium,  there  was  a  positive  balance  of 
magnesium  and  a  rise  in  the  serum  magnesium  level.  The 
hypomagnesemia  is  most  likely  secondary  to  urinary  losses 
of  this  cation,  although  no  evidence  for  associated  renal 
ootassium  wasting  could  be  established.  The  demonstration 
of  hypomagnesemia  in  one  of  her  children  suggests  a 
possible  familial  tendency  for  this  chemical  abnormality. 
Data  were  not  collected  which  will  allow  us  to  assess  the 
pathological  significance  of  hypomagnesemia  in  this  patient. 
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During  the  past  year,  the  Renal  Branch  has  seen  two 
cases  of  acute  renal  failure  complicating  heat  stroke  which 
occurred  in  healthy  young  Army  recruits.  Both  patients  were 
dialyzed  frequently  according  to  the  Surgical  Research  Unit 
prophylactic  dialysis  protocol  and  had  uneventful  recovery 
with  complete  return  of  normal  renal  function.  These  cases 
stress  the  importance  of  prompt,  rapid  cooling,  and  awareness 
of  the  significance  of  persistent  oliguria  following  reversal 
of  hyperpyrexia  and  hypotension. 


(1)  Sickle  cell 

(2)  Goodpasture  syndrome 


(3)  Heat  stroke 

(4)  Hypomagnesemia 
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HEAT  STROKE  AND  ACUTE  RENAL  FAILURE 


Heat  stroke  is  a  syndrome  which  follows  exposure  to  high 
environmental  temperatures  characterized  by  severe  hyperpyrexia, 
failure  of  the  sweating  mechanism,  and  central  nervous  system 
signs.  Without  treatment,  this  condition  is  uniformly  fatal.' 
With  treatment,  the  mortality  varies  from  20-50  per  cent.  Com¬ 
plications,  such  as  prolonged  coma,  shock,  acute  renal  failure, 
jaundice,  and  hyperkalemia,  raise  the  death  rate  to  75  per 
cent  or  more.'  The  cornerstone  of  treatment  is  rapid  cooling, 
followed  by  rapid  reconstitution  of  the  circulating  blood 
volume.  Acute  renal  failure  complicates  heat  stroke  in  2-9 
per  cent  of  cases, ^  however,  the  significance  cf  this  associ¬ 
ation  needs  clarification.  Most  of  the  we  1 1 -documented  cases 
described  in  the  literature  have  beer-  further  complicated  by 
persistent  shock,  severe  hepatic  necrosis,  irreversible  central 
nervous  system  damage,  persistent  hyperpyrexia  due  to  delayed 
inadequate  cooling,  or  hemorrhagic  diatheses  secondary  to  heat- 
induced  thrombocytopienia  and/or  fibrinolysis.  It  is  not  sur¬ 
prising,  therefore,  that  these  cases  have  often  had  a  fatal 
outcome,  despite  modern  dialysis  therapy.  During  the  past 
year,  the  Renal  Branch  has  seen  two  cases  of  acute  renal 
failure  complicating  heat  stroke  which  occurred  in  healthy 
young  Army  recruits  despite  prompt  and  adequate  cooling.  Both 
patients  were  dialyzed  frequently  according  to  the  Surgical 
Research  Unit  prophylactic  dialysis  protocol  and  had  uneventful 
recovery  with  complete  return  of  normal  renal  function.  These 
cases  stress  the  importance  of  prompt,  rapid  cooling,  and 
awareness  of  the  significance  of  persistent  oliguria  following 
reversal  of  hyperpyrexia  and  hypotension. 

Case  Report  Number  1 

A  21  year  old  white  male  Army  Private  collapsed  during  a 
forced  march  on  2  June  19&5,  during  his  first  month  of  basic 
training  at  Fort  Polk,  Louis4 ana.  On  his  arrival  at  the  heat 
ward  the  patient  was  comatose,  rectal  temperature  107°  F, 
blood  pressure  90/50,  pulse  150  beats  per  minute,  skin  hot 
and  dry.  The  patient  was  rapidly  cooled  in  an  iced  tub  and 
his  temperature  dropped  within  minutes  to  104°  p.  Admission 
laboratory  data;  Hematocrit  44%,  hemoglobin  14.3  gmjt,  white 
count  19,200,  with  77  neutrophils,  13  lymphocytes,  10  mono¬ 
cytes.  Serum  sodium  '**0  mEq/L,  chloride  Il4m£q/L,  COj  '0 
mEq/L,  BUN  29  mg%,  calcium  10.2  mg%,  glucose  66  mg%.  Within 
five  hours  his  temperature  had  fallen  to  10l<>  F  and  his 
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sensorium  cleared.  During  the  first  24  hours  the  patient  was 
given  6,500  cc  of  intravenous  fluid,  4,000  cc  of  this  as 
normal  saline.  Wf'th  the  rapid  cooling  and  fluid  administra¬ 
tion  the  blood  pressure  rose  to  125/75.  Despite  this  large 
fluid  replacement,  the  patient  voided  only  350  cc  of  urine 
during  the  first  24  hour  period.  On  the  morning  after  ad¬ 
mission,  examination  revealed  a  swollen  left  leg.  This  was 
felt  to  be  due  to  the  presence  of  an  extremely  tight  elastic 
bandage  on  the  left  knee  which  the  patient  had  in  place  on 
arrival  at  the  hospital.  During  the  following  4B  hour  period 
the  patient  passed  only  40  cc  of  urine.  The  BUN  had  risen 
to  95  mg  per  cent  and  the  serum  ptoassium  was  6.5  mEq/L. 

Sixty  hours  after  admission  the  patient  was  transferred  to 
the  Surgical  Research  Unit  at  Brooke  Army  Medical  Center. 

On  admission  to  the  Surgical  Research  Unit  a  test  dose  of 
Mannitol  was  given  with  no  urinary  response.  The  following 
day  the  serum  potassium  reached  a  peak  of  7*8  mEq/L  with  a 
BUN  of  102  mg  per  cent.  The  patient  was  treated  with  oral 
Kayexalate  and  sodium  bicarbonate  intravenously.  On  this 
therapy,  the  potassium  rapidly  fell  tc  5.6  mEq/L.  On  5  June 
a  fasciotomy  of  the  anterior  and  posterior  compartments  of 
the  left  leg  was  performed;  both  compartments  were  noted  to 
be  under  considerable  tension.  Necrotic  muscle  was  removed 
from  the  anterior  compartment.  On  6  June  peritoneal  dialysis 
was  begun.  During  the  following  72  hours  a  total  of  48  two- 
liter  exrnanges  were  performed.  During  this  time  there  was 
considerable  improvement  in  the  patient's  mental  status. 
However,  it  soon  became  clean  that  persistent  hyperkalemia, 
and  azotemia  could  not  be  adequately  controlled  with  peri¬ 
toneal  dialysis.  Therefore,  on  10  June,  a  Silastic-Teflon 
arterio-venous  shunt  was  placed  in  the  left  forearm.  Six 
hemodialyses  were  performed  during  the  remaining  13  days  of 
the  oliguric  phase.  Each  dialysis  was  performed  for  a 
duration  of  six  hours,  with  the  fravenot  Twin-Coil  Kidney, 
regional  heparinization  being  employed.  Two  units  of  whole 
blood  were  used  to  prime  the  coils  for  the  initial  hemo¬ 
dialysis,  priming  thereafter  was  performed  with  autotrans¬ 
fusion.  On  11  June,  fever  was  noted,  and  a  chest  x-ray 
revealed  a  right  lower  lobe  pneumonia.  The  patient  was 
treated  with  penicillin;  subsequent  chest  x-rays  showed 
progressive  clearing  of  the  pneumonic  infiltrate.  On  23  June, 
the  21st  day  post  heat  stroke,  the  patient's  urinary  output 
exceeded  one  liter;  a  brisk  diuresis  ensued  associated  with 
a  rapid  fall  in  the  patient's  weight  and  improvement  in  the 
azotemia  and  electrolyte  balance.  On  28  June  a  secondary 
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closure  of  the  fasciotomy  was  performed  and  the  skin  defect  sub¬ 
sequently  homografted.  The  patient  has  had  complete  return 
of  normal  renal  function,  as  judged  by  concentrating  ability 
and  creatinine  clearance.  During  his  acute  illness  there 
was  evidence  of  hepatic  injury,  reflected  in  a  transaminase 
level  of  1200  units,  total  bilirubin  of  7.0  mg  per  cent,  with 
6.0  mg  per  cent  direct  bilirubin,  alkaline  phosphatase  was 
10.2  Bodansky  units.  The  serum  bilirubin  reached  a  peak  of 
13  mg  per  cent  total  with  12.0  mg  per  cent  direct  bilirubin 
on  8  June.  Following  this,  there  was  steady  improvement  of 
liver  function  with  complete  return  to  normal  of  all  para¬ 
meters  during  the  third  week  of  convalescence.  The  patient 
has  no  residual  central  nervous  system  sequelae. 

Case  Report  Number  2 

A  21  year  old  white  male  Army  Private  collapsed  while 
on  manuevers  in  fatigues  and  in  full  field  pack  on  19  April 
1965,  during  the  second  week  of  basic  training  at  Fort  Polk, 
Louisiana.  When  initially  seen  the  patient  was  unresponsive, 
axillary  temperature  106°  and  had  intermittent  tetanic  con¬ 
tractions  of  all  muscle  groups.  A  lumbar  puncture  done  at 
that  time  was  normal.  The  patient  was  cooled  rapidly  in  an 
iced  tub  and  during  the  initial  12  hours  was  given  a  total 
of  3,000  cc  o:  intravenous  fluid.  Admission  laboratory  data: 
Hematocrit  49%,  hemoglobin  16.4  gm%,  white  count  35,600,  83% 
neutrophils,  14  lymphocytes,  3  monocytes,  sodium  130  mEq/L, 
potassium  3.9  mEq/L,  chloride  108  mEq/L,  CO2  19  mEq/L,  BUN 
22  mg%,  calcium  10,0  mg%,  glucose  100  mg%.  During  the 
initial  12-hour  observation,  the  patient  voided  1100  cc. 

Total  fluid  intake  during  the  next  24  hours  was  7,900  cc. 

Oespite  this  massive  fluid  intake,  the  patient  voided  only 
365  cc  of  urine.  His  BUN  rose  to  51  mg%.  The  following  day 
oliguria  persisted  and  the  patient  was  transferred  to  the 
Surreal  Research  Unit.  On  admission  to  the  Surgical  Research 
Unit  or.  22  April  1965,  the  patient  had  already  recovered 
from  the  heat  stroke,  however,  it  was  apparent  that  he  was 
suffering  from  acute  renal  failure.  Shor'/  after  adnission, 
two  test  doses  of  Mannitol,  each  containin3  12.5  gm  were  given 
in  an  attempt  to  verify  this  diagnosis  There  was  no  response 
to  Mannitol.  In  keeping  with  the  prophylactic  dialysis  protocol, 
early  dialysis  was  instituted  in  an  effort  to  present  the  uremic 
syndrome.  On  23  April  a  peritoneal  catheter  was  inserted 
and  peritoneal  dialysis  was  begun.  During  the  next  10  days, 
eight  courses  of  peritoneal  dialysis  were  performed  with  a 
total  of  86  liters  of  exchange  fluid.  During  this  period  or 


dialysis  the  BUN  was  maintained  at  levels  below  120  mg%.  On 
28  April  Pseudomonas  was  cultured  from  the  dialysate.  This 
organism  was  ^ound  to  be  resistant  to  all  antibiotics  except 
Coly-Mycin  and  Polymyxin.  Fifteen  mg  of  Coly-Mycin  was  added 
to  one  bottle  of  each  pair  of  dialysate  solution  prior  to 
instillation  into  the  abdomen.  On  this  therapy,  cultures  of 
Pseudomonas  disappeared  from  the  dialysate.  However,  on  1  May, 
it  was  again  noted  that  Pseudomonas  was  present  in  the  dialy¬ 
sate  fluid  and  in  addition,  the  implantation  site  of  the  peri¬ 
toneal  cannula  was  painful.  On  4  May  because  of  continual 
leakage  and  partial  obstruction  of  the  cannula,  peritoneal 
dialysis  was  discontinued  and  the  cannula  was  removed.  No 
further  dialysis  was  required,  as  diuresis  began  on  5  May  and 
the  patient  had  an  uneventful  convalescence  from  his  renal 
failure.  The  abdominal  wound  healed  well  following  removal 
of  the  cannula.  On  8  May,  chest  x-ray  revealed  a  right  lower 
lobe  infiltrate.  The  patient  had  an  uneventful  recovery  from 
this  brief  episode  of  pneumonia,  following  appropriate  anti¬ 
biotic  therapy.  By  the  third  week  of  May  the  BUN  and  creat¬ 
inine  had  returned  to  normal  values  and  at  present  urinary 
concentrating  ability  is  normal.  This  patient  had  evidence 
of  mild  hepatic  necrosis,  as  evidenced  by  rise  in  transaminase 
values  to  780  units;  however,  serum  bilirubin  and  alkaline 
phosphatase  remained  normal.  Transaminase  values  steadily 
fell,  reaching  normal  values  on  the  11th  post  onset  day. 

This  patient  shows  no  signs  of  any  permanent  neurologic  deficit 
attributable  to  his  heat  stroke. 

Discussion 


Acute  renal  failure  is  not  an  uncommon  complication  of 
heat  stroke.  Although  the  incidence  of  renal  failure  in 
several  large  series  of  reported  cases  of  heat  stroke  varies 
from  2  to  9  per  cent,  it  is  apparent  that  evidence  of  some 
degree  of  renal  damage  occurs  in  most  heat  stroke  cases.  Thus, 
Barry  found  an  incidence  of  marked  proteinuria  in  85  p«r  cent 
of  74  cases, ^  while  Austin  and  Berry  noted  albuminuria  in 
60  per  cent  and  an  elevation  of  BUN  in  42  per  cent  of  cases. 

A  high  incidence  of  granular  casts  and  hematuria  was  also 
found. 

Anoxia  of  the  renal  tubules  is  thought  to  be  the  common 
denominator  in  the  production  of  acute  tubular  necrosis.  The 
kidneys  normally  exist  under  a  high  oxygen  tension,  receiving 
about  one-fourth  of  the  total  cardiac  output.  The  amount  of 
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oxygen  released  by  each  ml  of  arterial  blood  as  it  traverses 
the  kidney  is  small  in  comparison  to  some  other  organs,  but 
because  of  the  tremendous  blood  flow  to  the  kidneys  their 
total  oxygen  extraction  is  actually  greater  than  any  other 
organ  in  the  body. 5  Renal  anoxia  may  occur  in  heat  strokes 
via  several  mechanisms.  Smith,  et  a]_. ,  observed  a  19  per  cent 
decrease  in  glomerular  filtration  rate  in  men  while  exercising 
during  heat  stress.  When  the  men  were  dehydrated,  the  rates 
fell  51  per  cent.®  Acute  redistribution  of  blood  accompanying 
peripheral  vasodilatation  causes  shunting  of  blood  away  from 
the  kidney  and  splanchnic  bed  to  the  skin.  During  exercise, 
when  muscle  blood  flow  is  increased,  this  phenomenon  is  even 
more  pronounced.  Hartman  demonstrated  experimentally  that 
severe  anoxia  was  produced  constantly  in  animals  with  induced 
fever. 7  It  is  estimated  that  a  body  temperature  of  106° 
increases  the  metabolic  rate  by  50  per  cent  and  oxygen  utili¬ 
zation  proportionately. 7  Also,  at  increased  temperatures 
the  oxygen  combining  capacity  of  hemoglobin  is  diminished.' 
Enzymatic  reactions  are  characteristically  sensitive  to  altera 
tions  of  temperature  and  pH.  Hyperpyrexia  certainly  may  be 
expected  to  have  some  influence  on  these  systems.  If  suffi¬ 
cient  damage  is  sustained  cellular  metabolism  will  no  longer 
be  possible  and  necrosis  will  occur.  The  pathology  seen  in 
therapeutic  hyperpyrexia  illustrates  this  finding.  Of  17 
cases  of  fatal  iatrogenic  pyrexia  reviewed  at  the  Army 
Institute  of  Pathology  in  19^9,  nine  showed  some  degree  of 
tubular  degeneration  of  the  kidney.®  The  proximal  and  distal 
convoluted  tubules  showed  progressive  disintegration  and 
detachment  of  the  lining  of  the  epithelium.  Five  patients 
had  "lower  nephron  nephrosis".  Hartman  and  Major  in  1935 
described  two  deaths  from  hyperpyrexia;  both  showed  acute 
parenchymatous  degeneration  of  the  liver  and  kidneys. “ 

Bragdc."!,  in  194;,  described  a  fatal  case  of  iatrogenic  hyper¬ 
thermia  terminating  in  severe  jaundice  and  fatal  acute  renal 
failure.  At  autopsy,  the  kidneys  showed  evidence  of  necrosis 
and  degeneration  of  the  distal  tubules. 

The  potential  voljme  of  the  vascular  tree  in  Peat  stroke 
is  greatly  increased  by  vasodilatation  of  the  skin  and  muscle 
capillary  bed.  Therefore,  the  arterial  blood  pressure  may 
be  low,  even  though  dehydration  and  salt  depletion  are  not 
marked.  The  quantities  of  salt  and  water  needed  to  return 
the  circulating  blood  volume  to  normal  can  be  greatly  reduced 
by  rapidly  returning  the  body  temperature  to  normal.  Indeed, 
if  large  quantities  of  salt  and  water  are  given  prior  to 
reducing  body  temperature,  there  is  a  high  risk  of  subsequent 
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pulmonary  edema  when  peripheral  vasoconstriction  ultimately 
ensues,  thus  returning  a  large  volume  of  fluid  to  the  already 
repleted  vascular  space.  Several  fatalities  in  Daily  and 
Harrison's  series  may  have  resulted  from  the  overzealous 
fluid  replacement  without  adequate  coolingJI 

Case  No.  1  is  an  example  of  hypercatabol ic  acute  renal 
failure,  with  increments  of  BUN  rise  greater  than  30  mg% 
per  day  and  life-threatening  hyperkalemia.  In  contrast,  Case 
No. 2  showed  only  modest  daily  increments  of  BUN  and  potassium 
rise.  These  two  cases  demonstrate  some  correlation  between 
the  severity  of  renal  failure  and  the  severity  of  heat 
stroke.  Case  No.  1  had  a  fever  of  107°,  associated  with  hypo¬ 
tension,  coma,  and  chemical  evidence  of  hepatic  necrosis. 

He  had  a  longer  oliguric  phase  and  required  considerably  more 
dialysis  than  the  second  case  who  presented  with  a  temperature 
of  106°,  normotensive  and  with  minimal  evidence  of  hepatic 
damage.  The  augmented  catabolism  in  Case  No.  1  may  certainly 
be  due  in  part  to  the  necrotic  muscle  tissue  in  the  anterior 
compartment  of  the  left  leg.  However,  there  is  evidence  that 
the  severe  hyperkalemia  often  seen  in  heat  stroke  may  be 
partly  independent  of  tissue  breakdown.  Bass,  et  al.,  in 
their  studies  of  the  mechanisms  of  accl imatization to  heat 
in  man  found  that  potassium  left  cells  in  excess  of  that 
made  available  from  tissue  breakdown  during  heat  stress.^ 
During  recovery,  potassium  returned  to  cells  in  excess  of  that 
required  for  protein  anabolism.  Urinary  excretion  of  potas¬ 
sium  increased  three  fold,  while  the  potassium  concentration 
of  sweat  was  extremely  high,  often  accounting  for  50  per 
cent  of  the  total  potassium  intake.  Hence,  the  exposure 
to  heat  may  accelerate  the  movement  of  potassium  out  of  the 
cells  and  the  serum  concentration  will  depend  largely  on  the 
integrity  of  the  potassium  excretory  mechanism  of  kidneys 
and  sweat  glands.  Also  contributing  to  hyperkalemia  in 
heat  stroke  is  the  extracel lular  movement  of  potassium  in 
response  to  metabolic  acidosis  which  may  result  from  the 
hyperpyrexia  induced  tissue  anoxia.  Case  No.  1  was  indeed 
acidotic  when  first  seen.  The  destruction  of  sequestered 
heat  damaged  red  blood  cells  is  yet  another  source  of  serum 
potassium. 

Both  of  these  cases  were  treated  according  to  the  o- 
phylactic  dialysis  concept  of  the  management  of  acute  renal 
failure  originally  described  by  Teschan,  et  al.  in  1960.13 
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This  regimen  is  based  on  the  hypothesis  that  prevention  of 
uremia  reduces  the  likelihood  of  potentially  lethal  compli¬ 
cations.  Maintenance  of  the  BUN  below  120  mg%  was  arbi¬ 
trarily  selected  as  a  dialysis  frequency  likely  to  prevent 
the  uremic  syndrome.  Because  of  severe  hyperkalemia  and  a 
steep  increment  of  BUN  rise,  peritoneal  dialysis ves  inade¬ 
quate  in  Case  No.  1  and  hemodialysis  was  instituted  early 
in  the  oliguric  phase.  In  contrast,  Case  No.  2  was  easily 
control  led  with  peritoneal  dialysis  alone.  Maintenance 
of  an  adequate  state  of  nutrition  is  simplified  using  the 
prophylactic  dialysis  method  because  more  frequent  dialysis 
permits  a  liberalized  protein  intake.  Thus,  the  first 
patient,  once  past  the  hypercatabol ic  phase,  was  given  a 
diet  containing  up  to  25  gm  of  protein  and  1400  calories. 
The  second  case  was  permitted  up  to  40  gm  of  protein  and 
2000  calories  while  oliguric. 
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In  four  patients  with  oliguric  renal  disease,  a  poten¬ 
tially  nephrotoxic  antibiotic  wa»  administered  via  the  peri¬ 
toneum  in  small  doses.  The  blood  levels  obtained  were  lew 
and  less  than  to  be  anticipated  following  the  single  intra¬ 
muscular  injection  of  a  standard  dose  of  colistin.  In  one 
in,  once,  a  peritoneal  infection  with  Pseudomonas  was  con¬ 
trolled.  It  appears  iikely  that  the  intraperi toneal  ackninistra- 
tion  of  colistin  can  cure  a  localiied  peritoneal  infection  wffch 
Pseudomonas  and  obviate  high  and  potentially  nephrotoxic  blood 
level s  oF^  this  antibiotic. 


(1)  Colistin 

(2)  Renal  failure 


*  From  the  Department  of  Medici,?,  Brooke  General  Hospital, 
Brooke  Army  Medical  Center,  Fort  Sam  Houston,  Texas 
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BLOOD  LEVELS  OF  COLISTIN  FOLLOWING  ITS 
PERITONEAL  INSTILLATION  IN  PATIENTS  WITH 
ACUTE  AND  CHRONIC  RENAL  FAILURE 


Colistin  has  recently  been  found  to  be  one  of  the  most 
effective  antibiotics  for  the  treatment  of  infections  by 
Pseudomonas  organisms.  The  nephrotoxicity  of  colistin, 
however,  has  limited  its  usefulness  in  patients  with  acute 
or  chronic  renal  failure.  Peritonitis  with  Pseudomonas  is 
therefore  an  especially  hazardous  complication  in  patients 
with  renal  disease. 

Recently  we  treated  a  patient  with  acute  renal  failure 
who  developed  Pseudomonas  peritonitis  following  peritoneal 
dialysis.  In  this  patient,  small  doses  of  colistin  added 
to  the  peritoneal  dialysate  were  effective  in  eradicating 
the  peritoneal  fluid  of  Pseudomonas.  An  attempt  was  there'  re 
made  to  determine  the  blood  levefs  of  colistin  which  woulo 
be  achieved  following  its  adnini stration  in  the  peritoneal 
dial ysate. 

Methods 


Patients  requiring  peritoneal  dialysis  for  the  treatment 
of  acute  or  chronic  renal  failure  were  studied.  In  order 
to  facilitate  the  bioassay  procedure,  only  patients  who  had 
not  been  receiving  antibiotics  were  studied;  all  were 
severely  oliguric  at  the  time  of  study. 

Prior  to  the  initiation  of  peritoneal  dialysis,  sterile 
heparinized  blood  samples  were  obtained.  Following  centri¬ 
fugation,  the  plasma  was  transferred  to  sterile  screw-topped 
tubes  and  frozen  for  later  bioassa/  of  colistin.  Sterile 
blood  samples  were  collected  at  regular  intervals  throughout 
the  peritoneal  dialysis  procedure.  V4ien  feasible,  urine 
samples  were  obtained  prior  to  and  during  peritoneal  dialysis. 
The  urine  was  passed  through  roijlipore  f i Iter 5, transferred 
to  sterile  tubes,  and  frozen  for  later  bioassay.  Dialysate 
was  saved  from  the  first  peritoneal  wash  to  which  no  anti¬ 
biotic  was  added.  One  vial  of  1>0  mg  colistin  was  diluted  to 
10  cc  and  !  cc  (15  mg  colistin)  was  added  to  each  subsequent 
peritoneal  washing.  Dialysate  samples  were  collected  every 
fourth  wash  for  culture  and  bioassay.  All  dialysate  simples 
for  bioassay  were  passed  through  milHpore  filters  and  troxen 
for  later  analysis. 
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Resul ts 


At  the  present  time,  this  procedure  has  been  performed 
on  four  different  patients. 

Case  ffl .  This  21-year-old  white  male  was  transferred 
to  the  Surgical  Research  Unit  on  22  April  1965,  three  days 
following  the  onset  of  heat  stroke  and  acute  renal  failure. 

On  23  April,  a  peritoneal  catheter  was  inserted,  and  peri¬ 
toneal  dialysis  was  initiated.  Peritoneal  dialysis  was  con¬ 
tinued  for  two  24-hour  periods,  starting  at  1300  on  23  April 
and  1500  on  25  April.  The  peritoneal  dialysis  was  well  tol¬ 
erated  until  the  end  of  the  second  24-hour  period  when  the 
dialysate  was  noted  to  be  blooo,  and  Pseudomonas  was  isolated 
on  culture.  This  organism  was  resistant  to  Erythromycin, 
chloramphenicol,  tetracycline  and  Kantrex,  but  was  responsive 
to  colistin  at  3.1  mcg/ml.  Because  of  continued  iso¬ 
lation  of  Pseudomonas  from  the  peritoneal  dialysis  fluid, 

15  mg  col i stT n  were  added  to  each  peritoneal  wash  starting 
at  1545  on  28  April.  The  results  of  the  adnini stration  of 
colistin  may  be  seen  in  Table  1. 

There  was  an  immediate  decrease  in  the  colony  count,  and 
Pseudomonas  had  disappeared  from  the  peritoneal  dialysate 
within  two  hours  following  the  addition  of  colistin.  Bioassay 
of  Colistin  from  the  blood  stream  was  negative  in  all  samples 
obtained.  An  uneventful  diuresis  began  on  5  May,  16  days 
following  the  onset  of  acute  renal  failure. 

Sunmary  of  Case  #1.  In  this  patient  the  addition  of 
colistin  was  effective  in  eradicating  the  Pseudomonas  from 
the  peritoneal  dialysate  and  measurable  levels  of  colistin 
were  not  assayed  from  the  blood  stream.  The  quantity  of 
colistin  in  the  dialysate  was  only  slightly  less  than  anti¬ 
cipated  from  the  addition  of  15  mg  colistin  to  two  liters  of 
fluid  (7. 5  mcg/ml). 

Case  #2.  This  24-year-old  white  male  was  transferred  to 
the  Surgical  Research  Unit  two  days  following  the  onset  of 
heat  stroke  and  acute  renal  failure.  A  24-hour  period  of 
peritoneal  dialysis  was  initiated  at  1200  hours  on  6  June 
1965  without  colistin.  On  8  June  1965,  colistin  was  added  to 
the  peritoneal  dialysate.  There  was  no  clinical  or  bac- 
teriologic  evidence  of  peritoneal  infection  at  the  time 
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the  investigation  was  started.  Results  are  in  Table  2. 

The  predialysis  blood  sample  showed  colistin  activity 
of  6.2  mcg/ml.  A  blood  sample  28  hours  following  the  onset 
of  dialysis  showed  colistin  activity  at  12.4  mcg/ml  while 
three  other  blood  samples  were  all  negative.  Urine  ob¬ 
tained  throughout  the  period  of  dialysis  was  negative  for 
colistin.  There  was  no  evidence  of  bacteriologic  infection 
of  the  peritoneum  either  before  colistin  or  during  the  34 
hours  in  which  colistin  was  added  to  the  peritoneal  dialysate. 
An  uneventful  diuresis  began  on  23  June,  21  days  following 
the  onset  of  acute  renal  failure. 

Summary  of  Case  #2.  Unlike  Case  #1,  no  measurable 
colistin  act TvT ty  cou 1 d  be  found  in  the  peritoneal  dialysate, 
suggesting  greater  peritoneal  absorption  of  the  antibiotic 
in  Case  #2.  An  unexplained  finding  was  the  predialysis 
colistin  level  of  6.2  mcg/ml.  The  elevated  blood  level  of 
colistin  at  1900  on  June  9  is  also  questionable  since  the 
blood  level  was  negative  two  hours  before  and  only  six 
hours  following  this  determination. 

Case  #3.  This  50-year-old  negro  female  suffered  from 
mal i gnant  Tiypertensi  on  and  progressive  azotemia.  On  27  May 
1965,  a  left  renal  biopsy  was  performed,  following  which  she 
developed  flank  pain.  A  large  perirenal  hematoma  was 
recognized,  and  she  was  transferred  to  the  Surgical  Research 
Unit  because  of  subsequent  oliguria,  Colistin  was  adder  to 
the  peritoneal  dialysate  on  two  occasions  (14  June  and  24 
June)  with  the  results  listed  in  Table  3*  Predialysis  bio¬ 
assays  of  the  blood  were  negat:ve  for  colistin  on  both  oc¬ 
casions,  but  blood  colistin  activity  was  measured  at  6  and 
12  hours  during  the  first  and  second  peritoneal  dialyses, 
respectively.  Urine  obtained  during  both  dialyses  showed 
no  colistin  activity.  The  dialysate  on  Wash  #39  (prior  to 
the  addition  of  colistin)  grew  E.  coli  (1.1  x  10>  organi sms/ml ) 
but  subsequently  cultures  of  this  dialysate  were  sterile. 

Urinary  output  averaged  less  than  100  ml  daily  througuout 
her  course,  and  she  died  on  7  August,  72  days  following  the 
the  onset  of  oliguria.  Postmortem  examination  revealed  ad¬ 
vanced  arteriolar  nephrosclerosi s  as  well  as  an  organizing 
hematoma  around  the  left  kidney. 

Summary  of  Case  #3.  In  this  patient  therapeutic  blood 
levels  of  eoYistfn^were  obtained  within  6  to  12  hours 


Table  2.  Results  of  Administration  of  Collstln,  Case  #2 


Peritoneal 

Dlalysate 

Date 

Time 

Wash  § 

Organism 

Assay 

Blood 

Assay 

Urine 

Assay 

8  Jun 

1500 

6.2 

Neg. 

1655 

19 

No  growth 

Meg. 

2100 

23 

No  growth 

Neg. 

Neg. 

9  Jun 

27 

No  growth 

1220 

31 

No  growth 

Neg. 

1700 

Neg. 

1735 

35 

No  growth 

Neg. 

1900 

12.4 

2245 

39 

No  growth 

Neg. 

Neg. 

10  Jun 

0235 

43 

No  growth 

Neg. 

0300 

Neg. 

0625 

47 

No  growth 

Neg. 

Neg. 

Beginning  with  Wash  #  20,  1$  09  collstln  added  to  each  dlalytatc  end 
total  of  40S  **9  collstln  administered  via  peritoneum. 


Table  3. 


Results  of  Administration  of  Colistin,  Case  if  3 


Peritoneal  Oialysate 

Date 

Time 

Wash  ft 

Organism 

Assay 

Blood 

Assay 

Urine 

Assay 

14  Jun 

0910 

Neg. 

Neg. 

0930 

39 

E.  coll  , 

1.1  x  lO5 

Neg. 

1515 

6.2 

1620 

43 

No  growth 

Neg. 

21.3 

6.2 

2310 

47 

Neg. 

15  Jur 

0548 

51 

No  growth 

Neg. 

0917 

53 

Neg. 

0945 

6.2 

Neg. 

15  col  i st In 

administered 

added  to  each  Wash  starting  #  40;  total  of  210 
via  peritoneal  dialysate  within  24  hours. 

mg  colistin 

24  Jun 

1415 

Neg. 

Neg, 

1910 

60 

Neg. 

2015 

Neg. 

25  Jun 

0125 

64 

Neg. 

02  _ 

6.2 

0600 

68 

No  growth 

Neg. 

IJ45 

72 

Neg. 

Neg. 

1415 

6.2 

>5  ®>9  aolistin 
administered 

added  to  each  Wash  starting  0  57;  total  of  240  mg  colistin 
via  peritoneal  dialysate  during  approximately  24  hours. 
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following  the  addition  of  colistin  to  the  dialysate.  There 
was  no  evidence,  however,  of  further  accumulation  of 
colistin  in  terms  of  increasing  blood  levels  of  the  anti¬ 
biotic.  The  negative  bioassay  of  the  dialysate  suggests 
significant  absorption  of  colistin  via  the  peritoneum  as 
in  Casa  #2.  Evidence  of  severe  and  progressive  renal 
deterioration  was  apparent  prior  to  the  adninistration  of 
colistin,  and  indeed  the  performance  of  the  renal  biopsy. 

During  the  first  dialysis,  the  small  doses  of  colistin  ef¬ 
fectively  eliminated  E.  col i  from  the  peritoneal  fluid. 

Case  #4.  This  44-year-old  Latin  American  male  had 
known  chronic  renal  disease,  presumably  glomerulonephritis, 
since  August  1964,  when  ha  was  treated  with  hemodialysis 
during  a  21 -day  period  of  oliguria.  The  colistin  study 
was  performed  in  September  1965  when  he  was  hospitalized  on 
Ward  13B  for  treatment  of  progressive  uremia.  Results 
are  in  Table  4. 

Blood  samples  were  negative  for  colistin  at  6  and  24  hours, 
but  a  level  of  1.5  mcg/ml  was  measured  on  the  42-hour  sample. 
Urine  was  free  of  measurable  colistin  activity.  Dialysate 
was  negative  until  approximately  24  hours  following  the  onset 
of  dialysis.  Although  he  became  oliguric  during  the  period 
of  peritoneal  dialysis,  he  was  later  able  to  leave  the 
hospital  with  a  urinary  output  greater  than  1000ml  daily. 

Summary  of  Case  #4.  The  bioassay  figures  on  the  dialy¬ 
sate  suggest  avid  peritoneal  absorption  of  colistin  during 
the  first  24  hours  of  dialysis  with  subsequent  decreased 
absorption.  The  measurable  blood  level  of  1.5  mcg/ml  at  42 
hours  is  low  and  would  not  be  therapeutic  for  certain  strains 
of  bacteria. 

Discussion 


On  the  basis  of  these  preliminary  studies  and  theoretical 
considerations,  it  appears  unlikely  that  high  blood  levels  of 
colistin  will  result  from  the  actainistration  of  this  anti¬ 
biotic  in  the  manner  described.  Although  there  is  evidence 
for  peritoneal  absorption  of  colistin,  in  only  one  instance 
(Case  #2)  was  the  blood  level  greater  than  6.2  mcg/ml.  This 
particular  value  must  be  questioned  since  no  activity  was 
found  in  a  blood  sample  taken  two  hours  previously.  Since  the 
colistin  was  adnini stared  in  e  concentration  of  7.5  mcg/ml. 
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one  would  anticipate  that  equilibration  with  the  blood  would 
produce  levels  no  greater  than  this  unless  there  is  active 
transport  of  the  antibiotic  from  the  peritoneum  to  the 
blood  stream. 

In  contrast,  MacKay,  et  al.,1  have  demonstrated  that  the 
single  intramuscular  injecTTon  of  150  mg  colistin  to  anuric 
patients  can  produce  blood  levels  of  12.5  to  25  mcg/ml  for  as 
long  as  96  hours.  Since  a  positive  relationship  between 
quantitative  blood  levels  of  colistin  and  nephrotoxicity  of 
this  agent  has  been  generally  presumed,  the  administration  of 
small  doses  via  the  peritoneum  may  obviate  nephrotoxicity 
f*rom  this  agent.  The  smal  1  dose  of  colistin  deserves  em¬ 
phasis.  Increasing  the  colistin  to  30  or  45  mg  per  dialysate 
would  increase  the  dialysate  to  15  and  22.5  mcg/ml.,  res¬ 
pectively.  With  these  latter  concentrations,  high  blood 
levels  might  well  be  achieved  although  this  point  was  not 
specifically  tested. 

Summary 

In  four  patients  with  oliguric  renal  disease,  a  poten¬ 
tially  nephrotoxic  antibiotic  was  administered  via  the 
peritoneum  in  small  doses.  The  blood  levels  obtained  were 
low  and  less  than  anticipated  following  the  single  intra¬ 
muscular  in  action  of  a  standard  dose  of  colistin.  In  one 
instance,  a  peritoneal  infection  with  Pseudomonas  was  con¬ 
trolled.  It  appears  likely  that  the  intraperTtoneal  ad¬ 
ministration  of  colistin  can  cure  a  localized  peritoneal 
infection  with  Pseudomonas  and  obviate  high  and  potentially 
nephrotoxic  blood  fevers  of  this  antibiotic. 
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Approach  -  Intradermal  skin  testing  was  carried  out  on  four  patient  groups: 

.1)  sarcoid  patients,  (2)  lymphoma  patients,  (3)  patients  with  miscellaneous  disease 
states,  and  (4)  controls.  Antigens  used  were  Ft  Ft.  0.  #2,  Hon  I  lie,  mumps,  and 
.Trichophyton.  Tests  were  repeated  with  1.25  mg  cortisone  acetate  Incorporated  In 
the  test  mixture.  Readings  ware  made  In  both  Instances  at  24  and  48  hours.  Criteria 
for  positivity  were  those  usually  applied. 

(U)  Progress  (Sap  65-dun  66)  -  Early  suggestive  evidence  of  heightened  skin  reactivity 
in  sarcoid  patlants,  whan  a  cortisone  antigen  Intradermal  mixture  was  Injected,  was 
demonstrated.  Within  the  limits  of  our  time  Intervals,  skin  test  conversion  felled 
to  occur  on  repeated  administration  of  the  test  antigen  to  a  normal  control  population. 
Further  study  Is  required  before  any  firm  conclusions  or  statistical  analysis  can  be 
•carried  out. 
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Patients  with  sarcoidosis  have  been  shown  to  have  de¬ 
pressed  delayed  hypersensitivity,  as  do  many  with  lymphomas 
and  uremia.  It  has  been  reported  that  they  react  para¬ 
doxically  to  cortisone  antigen  mixtures,  however,  in  that 
heightened  skin  reactivity  is  displayed.  In  an  effort  to 
determine  the  possible  applicability  of  this  observation  in 
the  work-up  of  sarcoid  s  spects,  intradermal  skin  testing  was 
carried  out  on  four  patient  groups:  (!)  sarcoid  patients, 

(2)  lymphoma  patients, (3)  patients  wi th  miscel laneous  disease 
states,  and  (4)  controls.  The  antigen*  used  were  P.P.D.  #2, 

Mon  i 1 i a ,  mumps  and  Trichophyton.  The  tests  were  repeated 
wT  tTTTT  '25  mg.  of  cor t $ s one  ace ta te  incorporated  in  the  test 
mixture.  Readings  were  made  in  both  Instances  at  24  and  48 
hours.  Criteria  for  positivity  were  those  usually  applied. 
Early  suggestive  evidence  of  heightened  skin  reactivity  in 
sarcoid  patients,  when  a  cortisone  antigen  intradermal 
mixture  was  injected,  was  demonstrated.  Within  the  limits 
of  our  time  intervals,  skin  test  conversion  failed  to  occur 
on  repeated  administration  of  the  test  antigen  to  a  normal 
control  population.  Further  study  is  required  before  any 
firm  conclusions  or  statistical  analysis  can  be  carried  out. 

(1)  Sarcoid 

(2)  Anergy 

(3)  Skin  Te^t  Conversion 

*  From  the  Allergy  Clinic,  Department  of  Medicine,  Brooke 
General  Hospital,  Brooke  Army  Medical  Center,  Fort  Sem  Houston, 
Texas. 


.  ■?> j 

r-Tl 


r 


•  ■/.: 


-•ft*’-  \  . 


32-1 


THE  EFFECT  OF  INTRADERKAL  CORTISONE  UPON 
SKIN  ANCRGY  IN  SARCOIDOSIS  AND 
OTHER  DISEASE  STATES 


It  has  previously  been  well  demonstrated  that  patients 
with  sarcoidosis  have  depressed  delayed  hypersensitivity 
reactions  to  a  number  of  antigens,  including  tuberculin, 
Candida  albacans,  mumps,  and  Trichophyton. ^  >2,3,4  The 
defect  seems  to  be  limited  to  the  antibody  system  involving 
delayed  hypersensitivity,  since  Sones  and  Israel  5  have 
shown  normal  agglutinin  development  after  typhoid  and  per¬ 
tussis  immunization.  Differences  from  the  anergy  noted 
in  uremia  and  lymphomas  have  been  suggested, 5 

Systemically  administered  cortisone  or  intradenrnal  cor- 
cortison.i-antigen  test  mixtures  depress  the  intensity  of 
skin  reactivity  in  non-sarcoid  patients,  but  sarcoid  pa¬ 
tients  react  paradoxically  in  that  50  per  cent  or  more  con¬ 
vert  to  positive  reactions. 4,6, 7  Aside  from  supplying 
further  evidence  that  differences  exist  between  the  sup¬ 
pression  mechanisms  in  sarcoid  and  non-sarcoid  disease 
states,  this  affords  a  possible  additional  test  to  be 
used  in  the  work-up  of  sarcoid  suspects. 

Methods 


Skin  testing  was  carried  out  in  four  groups  of  sub¬ 
jects  with  P.P.D.  #2,  Candida  albicans  antigen,  mumps 
antigen  and  Trichophyton.  Group  I  consisted  of  proven 
sarcoid  patients,  Group  II  patients  with  lymphomas. 

Group  III  patients  with  miscellaneous  disease  states  and 
Group  IV  control  subjects  including  some  hospitalized 
patients  being  evaluated  for  peptic  ulcer  and  other  non- 
malignant  gastrointestinal  diseases.  Readings  were  done 
at  24  and  48  hours.  Criteria  for  positivity  were  as 
follows?  mumps  skin  tests  were  considered  to  be  positive 
if  10  mm.  or  more  of  erythema  and/or  induration  was  seen 
in  24  to  48  hours.  P.P.D.  #2,  Honil ia  and  Trichophyton 
were  made  as  follows:  negative  reactions  ranged  from 
0  to  5  mm.  Induration,  1+  reaction  5  to  10  mm.  induration, 
2+  reaction  10  to  15  mm.,  3+  reaction  15  te  20  mm., 
and  4+  reaction  20  nrn.  and  above. 
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Cortisone  conversion  was  judged  to  have  occurred  if  a 
test  converted  from  negative  to  positive  or  if  a  2+  grade 
change  in  response  was  noted.  Tests  were  also  carried  out 
with  0,05  ml  of  cortisone  acetate  containing  1.25  mg  of  cor- 
ti  one  with  the  same  criteria  used  in  interpretation. 

in  order  to  determine  test  reliability,  serial  test¬ 
ing  was  carried  out  on  a  normal  population  in  an  attempt 
to  induce  a  change  in  skin  reactivity  as  a  consequence  of 
repeated  testing. 

Results  (see  Tables  1.  2  and  3) 

The  sarcoid  and  lymphoma  patients  tended  to  show  de¬ 
pressed  sk'n  reactivity  as  compared  to  the  control  popula¬ 
tion.  Incorporation  of  cortisone  acetate  into  the  testing 
material  converted  three  Moni 1 ia.  one  P.P.D.  and  One 
Trichophyton  test  from  negative  to  positive  in  the  sar¬ 
coid  group,  while  one  Trichophyton  test  was  depressed.  One 
control  patient  developed  heightened  skin  reactivity  to 
the  Moni 1  la  antigen,  but  none  converted  from  negative.  All 
other  patients  remained  negative  or,  in  three  cases, had 
depressed  reactivity. 

Repeated  skin  testing  in  a  variety  of  patterns  to  the 
ah^ve  test  aniens  failed  to  elicit  a  conversion  reaction 
within  the  period  of  observation.  This  confirms  previously 
reported  wo*-k8  in  which  conversion  due  to  repeated  testing 
with  mumps  antigen  failed  to  occur. 

The  authors  feel  that  early  suggestive  evidence  of 
heightened  skin  reactivity  in  sarcoid  patients,  when  a  cor¬ 
tisone  antigen  intradermal  mixture  is  injected,  has  been 
demonstrated.  Within  the  limits  of  our  time  intervals,  skin 
test  conversion  failed  to  occur  on  repeated  administration 
of  the  test  antigen.  Further  study  Is  required  before  any 
firm  conclusion  or  statistical  analysis  can  be  carried  out. 
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Dogs  subjected  to  a  50  per  cent  scald  burn  were  studied  in 
an  attempt  to  delineate  the  response  to  various  fluid  regimens 
and  pharmacologic  agents  in  the  period  6-36  hours  postburn. 

Following  burning,  cardiac  output  decreased  rapidly  to  50  to 
60  per  cent  of  preburn  levels  and  by  one  hour  was  30  to  40  per 
cent  of  initial  values.  Without  therapy,  a  gradual  slight 
decline  continued.  With  increasing  volumes  of  fluid  adninistra- 
tion,  output  returned  toward  preburn  levels.  With  addition  of 
pharmacologic  agents,  further  improvement  was  slight  with 
phenoxybenzamine,  moderate  with  Isoproterenol  and  marked  with 
hydralazine.  Steroids  showed  no  beneficial  effect.  Salt  water 
alone  as  a  resuscitating  agent  had  little  effect  in  the  volumes 
used  and  was  greatly  'nferior  to  colloid.  Increases  in  early 
resuscitation  volumes  above  10  ml/Kg/hr  and  more  than  5  ml/Kg/hr 
of  colloid  offered  no  significant  advantage.  This  was  particularly 
true  when  hydralazine  was  added  as  0.5  mgm/Kg  q  2h. 


Results  Indicate  the  myocardium  is  capable  of  a  good 
response  to  a  fluid  load  but  inotropic  agents  increase  the 
response.  Peripheral  flow  is  most  effectively  increased 
with  hydralazine,  less  so  with  Isoproterenol  and  least  of 
all  by  phenoxylbenzamir.e.  An  explanation  for  this  is 
offered. 
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(1)  Burn  Physiology 


THE  EFFECT  OF  VARIOUS  "FLUID  REGIMENS  AND  PHARMACOLOGIC  AGENTS 
ON  THE  CIRCULATORY  HEMODYNAMICS  OF  THE 
IMMEDIATE  POSTBURN  PERIOD 


Support  of  the  cardiovascular  system  in  the  immediate 
postburn  period  is  based  primarily  on  the  use  of  intravenous 
fluids.  Various  treatment  regimens  have  been  devised  as  a 
guide  to  initial  resuscitation  with  response  to  such  therapy 
being  the  primary  determinant  for  guiding  treatment.  Rate 
of  urine  formation  is  considered  the  main  index  of  adequacy 
of  therapy.  Such  a  simplified  course  of  events  obtains  in 
the  smaller  injuries  but  accurate  monitoring  of  the  circu¬ 
latory  response  is  often  impossible  in  the  larger  burns.  One 
of  the  main  problems  is  that  little  is  known  of  the  cir¬ 
culatory  response  in  the  early  postburn  period,  particularly 
in  relation  to  fluid  therapy. 

Some  investigators  have  suggested  recently  that  modi¬ 
fications  in  the  fluid  resuscitation  regimens  in  both  burn 
and  hemorrhagic  shock  would  be  of  value.  The  main  alterations 
proposed  involve  the  use  of  vasoactive  substances J 3»28, 41 ,42 
to  decrease  peripheral  resistance  and/or  support  the  myocardium, 
large  volumes  of  salt  solutions33  alone  to  the  exclusion  of 
colloid,  and  the  employment  of  the  strong  buffer  agents, 

20,39  to  sustain  normal  pH.  With  few  exceptions,  these  sug¬ 
gestions  have  been  based  on  theoretical  considerations  with 
actual  measurements  of  alterations  in  physiological  response 
lacking.  This  is  particularly  true  in  regard  to  comparative 
activity  or  efficacy  of  the  various  agents.  This  is  partly 
due  to  the  lack  of  certainty  as  to  what  are  the  proper  para¬ 
meters  to  observe. 

The  present  study  is  an  attempt  to  clarify  the  circula¬ 
tory  response  in  the  immediate  postburn  period  in  relation 
to  rate,  volume  and  composition  of  replacement  fluids,  and 
the  various  pharmacologic  adjuvants  currently  advocated  as 
having  a  positive  effect  in  support  of  the  circulation  as 
well  as  comparative  buffering  effects  of  Ringer's  lactate 
and  Tris  (hydroxymethyl)  amincmethone.  In  order  to  ac¬ 
complish  this  objective,  study  animals  were  subjected  to 
varying  rates  and  volumes  of  the  fluid  administration,  as 
well  as  changes  in  the  constituent  quantities  of  colloid  and 
salt  solutions.  In  addition,  the  following  pharmacologic 
agents  were  administered  during  the  postburn  period  in  an 
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attempt  to  determine  their  effect  on  the  circulatory  response: 
hydralazine,  phenoxybenzamine,  Isoproterenol,  Methyl  pred¬ 
nisolone  and  Tris  (hydroxymethyl)  amincmethane. 

Cardiac  output  was  utilized  as  the  principal  measure  of 
the  changes  in  the  response  of  the  heart  to  the  different 
loads  of  fluids  and  to  the  administration  of  the  drugs  in 
the  postburn  period.  Circulatory  dynamics  were  determined 
from  calculations  of  peripheral  resistance,  v  nous  and  mean 
arterial  pressures,  and  the  effectiveness  of  the  peripheral 
circulation  was  estimated  from  measurements  of  excess  lac- 
tate22, 23,24  calculations  of  oxygen  extraction.  Changts 
in  the  pH  were  utilized  in  a  similar  manner.  As  a  corollary 
to  the  investigations,  hematocrit  changes  and  splenic  weights 
revealed  unsuspected  data. 

H  thod 


Previously  immunized  and  quarantined  mongrel  dogs 
weighing  9.7  to  22  Kg  total  body  weight  were  utilized  as  study 
subjects,  following  administration  of  anesthesia,  poly¬ 
ethylene  cannu’.ae  were  placed  in  the  right  atrium,  inferior 
vena  cava  and  aortic  arch.  Ar>  esophageal  pressure  catheter 
was  placed  in  the  midesophagus  and  this  cannula,  along  with 
the  right  atrial  cannula,  was  attached  to  a  differential  pres¬ 
sure  transducer  (Sanborn  Model  268B)  to  measure  absolute  right 
atrial  pressures.  The  aortic  cannula  was  attached  to  a 
Statham  transducer  to  constantly  record  systolic  and  dies- 
toilc  arterial  pressures.  The  position  of  each  cannula  was 
verified  at  the  thee  of  sacrifice  of  the  enimal.  In  addition, 
animals  were  inspected  for  the  presence  of  heartworrai,  which 
were  present  in  scant  numbers  in  only  one  enimal.  Artarial 
and  venous  blood  samples  were  drawn  from  the  appropriate 
cennulee  with  the  venous  samples  being  drawn  both  from  tha 
tight  atrium  and  from  the  inferior  vena  cava.  Pressures  and 
heart  rate  were  recorded  on  a  Sanborn  (Model  964)  4-channel 
recorder.  An  indwelling  cathater  recorded  urinary  output  at 
one-hour  intervals.  Arterial  and  venous  p02,  pCO^  and  pH 
were  determined  by  the  Instrumentation  Laboratory  (Mode*  105) 
pH  and  blood  gas  analyzer.  Lpctic  acid  was  determined  by 
the  fills,  Cana  and  Wil  I  lams'4  modification  of  the  friedland 
and  Oictrich  method,1?  and  pyruvic  acid  by  the  rtthod  of 
friedsann  and  Hanugen. 18  Cardiac  output  was  determined  by 
dye  dilution  technique  utilizing  Indocyanine  green. 32  The  dye 
ves  injected  as  a  bofus35  into  the  right  a trims  via  tha  in¬ 
dwelling  cannula.  A  Gilford  constant  flow  system  (Modal 
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105-S)  was  used  to  withdraw  blood  from  the  aortic  sampling 
site.  Dye  dilution  curves  were  recorded  with  a  Waters  den¬ 
sitometer  (Model  X250)  and  a  Sergeant  high  impedance  recorder 
(Model  HR)  and  immediate  calculations  of  cardiac  output  in 
liters  per  minute  determined  by  a  precalibrated  Sanborn 
cardiac  output  compute.-  (Model  130.^,40  After  induction 
with  sodium  pentothal,  the  animals  were  maintained  with 
sodium  barbital  intravenous  anesthesia.  Following  estab¬ 
lishment  of  baseline  values,  the  animals  were  subjected  to 
a  50  per  cent  scald  burn  (11  seconds  in  water  at  99-100°C) 
and  immediately  replaced  on  the  surgical  table.  As  soon 
as  possible,  instrumentation  was  reestablished,  and  previous 
determinations  repeated.  Previous  experience  comparing  this 
preparation  with  a  similar  sham  burn  showed  the  manipulation 
to  he  of  no  consequence  to  subsequent  determinations. 31  The 
delay  between  the  burning  and  accomplishing  the  determina¬ 
tions  varied  from  three  to  seven  minutes. 

The  total  of  2*40  animals  studied  were  primarily  divided 
into  t  o  groups  based  upon  the  period  of  the  study.  The 
firi1-.  group  of  193  animals  were  each  studied  for  a  period  of 
six  Ik  ,rs  postburn  and  the  second  group  of  47  animals  were 
each  studied  for  a  total  of  36  hours  postburn.  Following 
infliction  of  the  burr,  each  baseline  determi nation  was 
repeated  Immediately  upon  return  to  the  laboratory  table,  and 
at  one^ hour  intervals  subsequent  to  burning  in  the  six-hour 
study  group.  In  the  36-hour  study  group,  determinations  were 
done  inmediately  after  burning,  at  one  hour  postburn,  at  four 
hours  postburn,  and  subsequently  every  four  hours  for  a  total 
of  36  hours  of  observation. 

Heparin  was  not  used  in  any  animal. 

The  following  fluid  regimens  utilised,  beginning  im¬ 
mediately  after  the  one-hour  postburn  determinations,  are 
shown  in  Table  1. 

Tris  (hydroxymothyl)  ami  nomethane  and  Ringer's  lactate 
were  compered  a  to  their  buffering  activity.  Trls  was  ad¬ 
ministered  as  a  0.3  molar  solution  aquivalant  In  volume  to 
one-third  of  the  electrolyte  requiremants  and  Infused  over 
40  minute  periods,  at  1,  3  and  5  hours  postbarn.  This 
amounted  to  300  mgm/Kg  the  first  hour  and  ISO  mga/Kg  the  thjrd 
and  fifth  hours.  Ringar's  lactate  was  adetnl  stared  In 
volumes  equal  to  the  volume  of  daxt rose/we ter  used  es  a 
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Legend  for  Table 


Fluid  replacement  therapy  was  begun  Immediately  after 
the  one-hour  postburn  determinations.  The  fluid  volumes 
listed  are  the  amounts  given  throughout  the  six-hour  study 
periods  except  for  the  6+19  group  in  which  therapy  was 
given  for  only  four  hours.  This  was  the  24-hour  requirement 
as  calculated  by  the  Brooke  formula  given  in  four  hours. 

In  the  36-hour  study  groups,  the  original  fluid  loads 
were  continued  for  eight  hours,  reduced  by  50  per  cent  for 
the  next  16  hours,  and  that  volume  reduced  by  50  per  cent 
for  the  next  12  hours  in  accordance  with  policy  advocated 
by  the  Brooke  formula  and  generally  practiced  clinically. 
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vehicle  for  the  Tris.  Arterial  and  venous  pH  determinations 
were  made  in  each  animal  preburn,  immediately  postburn  and  at 
one-hour  or  six-hour  intervals  postburn  depending  on  the 
study  group. 

In  the  animals  studied  for  36  hours,  the  fluid  volumes 
were  reduced  in  accordance  with  the  usual  policy  in  burn 
therapy  of  administering  one-half  the  first  24-hour  require¬ 
ment  in  the  first  eight  hours  postburn  and  the  remainder 
administered  evenly  over  the  next  16  hours.  Further  reduc¬ 
tion  in  fluid  load  occurred  in  the  period  24-36  hours  post¬ 
burn.  The  following  pattern  was  used  in  the  36-hour  periods: 


Time  0-8  hours 

9-24  hours 

25-36  hours 

1.5  +  4.5 

0.75  +  2.25 

0.37  +  1.12 

ml/Kg/hr  5.0  +4.5 

2.5  +  2.2 

1.25  +  1.12 

*  10.0  +  3.0 

5.0  +  1.5 

2.50  +  0.75 

*  A  sharp  reduction  was  necessary  after  eight  hours  to 
prevent  over1 uadi ng. 


To  test  nryocardial  response  to  load  in  a  different  manner 
a  carotid-jugular  _nhu nt  was  formed  and  preburn  and  postburn 
cardiac  outputs  measured  with  the  shunt  open  and  with  it  closed. 

Results 

The  unesthetized,  preburn  determinations  ere  expressed 
as  100  per  cent.  Subsequent  determinations  are  expressed 
as  percentages  of  preburn  values.  Results  are  reported  as 
mean  values. 

’•  Cardiac  Output  (Flas.lA,  18).  In  the  burned  control 
animals  tnet  received  no  fluid  or  drug  therapy,  cardiac  output 
immediately  dropped  after  burning  to  43  per  cent  of  preburn 
output.  This  subsequently  gradually  declined  over  the  period 
of  observation  to  a  low  of  20  per  cent  and  remained  there  for 
the  last  two  hours  of  observation.  With  Increasing  the  ad¬ 
ministered  fluid  volume  alone,  improvement  In  cardiac  output 
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could  be  noted,  but  at  no  time  did  it  exceed  72  per  cent  of 
preburn  determination,  and  this  occurred  only  with  large 
volumes  of  fluid  (Fig.  IB).  At  these  times,  the  animals' 
lungs  were  wet  and  fluid  was  dripping  from  the  nose.  The 
smallest  dose  of  resuscitation  fluid  utilized  (1.5  +  4.5), 
which  approximates  the  Brooke  burn  resuscs  ation  formula, 
showed  no  ability  to  improve  cardiac  output  following 
burning  but  it  did  tend  to  minimize  the  progressive  drop 
in  output. 

The  addition  of  pharmacologic  agents  to  the  smallest 
volumes  of  fluid  resuscitation  therapy  resulted  in  improve¬ 
ment  in  the  group  which  received  hydralazine  but  not  with 
the  other  drug  additives.  As  the  volume  of  fluids  in¬ 
creased,  hydralazine  continued  to  exert  the  most  striking 
effect  as  measured  by  improvement  in  cardiac  output  (Fig. 2). 
While  improvement  with  phenoxybenzamine  did  occur  in  the 
smaller  fluid  volunes,  it  was  much  less  than  that  noted  with 
hydralazine,  and  in  the  larger  fluid  volumes  fluids  alone  were 
as  effective.  Isoproterenol  showed  no  beneficial  benefit  as 
reflected  by  improvement  in  cardiac  output.  It  also  ap¬ 
peared  that  marked  increases  in  volume  replacement  in  the 
immediate  pcstburn  period  (6  +  19)  offered  no  advantage  over 
moderate  increases  (10  +  3)  whether  utilized  with  or  without 
the  pharmacologic  adjuvant.  Also,  an  increase  in  the  pro¬ 
portionate  ratio  of  colloid  over  electrolyte  (5  +  4.5  and 
10  ♦  3)  was  as  important  as  total  volume  and  of  greater  sig¬ 
nificance  than  massive  (6  ♦  19)  increases  in  salt  solution. 

More  than  a  moderate  5  ml/Kg  increase  in  colloid  added  nothing. 

Cardiac  outwits  for  36-hour  Group  (Figs.  3  *nd  4).  The 
animals  who  rece'sd  anesthesia  alone  w( thout  burning  nad  a  con¬ 
tinuous  drop  in  their  cardiac  output  for  a  period  of  12  hours 
pcstburn,  at  which  time  they  had  reached  60  per  cent  of 
preburn  levels.  The  cardiac  output  continued  to  fluctuate 
around  this  value  the  remainder  of  the  36-hour  period  of 
observation.  As  increased  volumes  of  fluid  (without  drugs) 
were  administered  to  the  animals  following  burning,  cardiac 
output  continued  to  improve.  Utilizing  the  smaller  amounts 
of  fluid  (1.5  ♦  4.5)  which  approximates  the  Brooke  fluid 
formula,  there  was  minimal  if  any  improvemer*  in  cardiac 
output.  In  the  group  receiving  salt  water  only  without  colloid 
replacement  therapy,  only  slight  improvement  in  cardisc  output 
occurred  over  the  36-hour  period  of  observation,  from  a  low  of 
40  per  cent  of  the  preburn  level  to  a  high  of  64  per  cent. 

In  the  animals  receiving  the  two  higher  volumes  of  fluid 
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Legends  for  Figures  1A  and  IB 

Figure  1A.  The  shaded  area  represents  the  difference  in 
myocardial  response  to  the  opening  of  the  carotid-jugular 
shunt  both  preburn  and  immediately  postburn.  While  an  in¬ 
crease  in  output  occurs  with  the  shunt  open  in  both  treated 
and  untreated  groups,  the  response  is  somewhat  less  postburn. 
However,  it  is  still  significant,  being  approximately  50  per 
cent  of  the  preburn  increase  with  the  shunt  open.  This 
decrease  may  represent  some  degree  of  myocardial  depression. 

Figure  18.  Cardiac  output  was  improved  the  greatest  in 
the  hydralazine  groups  with  moderate  fluid  replacement 
volumes.  However,  no  advantage  was  gained  by  increasing 
volume  above  5  +  L.5. 
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Figure  2.  With  increasing  fluid  volumes,  cardiac  output 
improved  proportionately.  This  was  most  marked  by  far  with  the 
hydralazine  groups. 
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Figure  3’  Use  of  Ringer'*  only  as  the  resuscitation 
fluid  results  in  little  improvement  in  output.  Hydralazine 
alone,  without  fluids,  allows  survival  for  18  hours  in 
spite  of  low  output.  Phenoxybenzamine  shows  minimal  im¬ 
provement  even  with  the  larger  fluid  volumes. 
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Figure  4.  Improvement  In  cardiac  output  occurs  with 
increasing  fluid  volunes  end  is  particularly  marked  with 
hydra  1  ezine  added.  The  only  advantage  tc  increasing  volume 
above  5  +4.5  is  a  slightly  more  rapid  rite  in  output  to 
supernormal  levels.  Numbers  are  mean  values  for  three 
animals.  Where  line  stops,  animals  died. 
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(5  +  4.5  and  10  +  3)>  improvement  In  cardiac  output  occurred 
but  was  not  progressive  with  increased  volume  beyond  the 
5+45  amount.  By  eight  hours  postburn,  both  had  risen  to 
the  preburn  levels  and  remained  there. 

With  the  addition  of  hydralaz'ne,  a  marked  improvement 
in  cardiac  output  followed,  even  with  the  smaller  fluid 
volumes  (1.5  +  4.5),  and  it  was  not  until  the  largest  fluid 
volumes  tested  (10  +3)  were  administered  that  the  pher.xy- 
benzamine  showed  a  return  to  preburn  levels.  The  improve¬ 
ment  in  cardiac  output  appeared  most  rapid  in  the  group  of 
animals  treated  with  the  intermediate  f’uid  dosage  (5  +  4.5) 
and  hydrazaline. 

In  the  carotid-jugular  shunt  preparation,  cardiac  output 
increased  immediataly  with  opening  of  the  shunt  (Fig.  !A). 

2.  Peripheral  Resistance.  Peripheral  resistance  was 
cal culated  by  considering  effective  venous  pressure  as  zero, 
thus  deriving  peripheral  resistance  as  the  quotient  of  mean 
arterial  pressure  divided  by  cardiac  output.  Results  are 
expressed  as  percentages  of  a  preburn,  anesthetized  value  of 
100  per  cent.  In  all  instances,  immediate  postburn  peripheral 
resistance  shewed  a  marked  increase  in  all  instances  approach¬ 
ing  or  exceeding  200  per  cent  of  control  values.  Within  the 
first  hour  postburn,  prior  to  therapy,  resistances  varied, 
some  ncreasing  and  others  decreasing.  With  volune  replace¬ 
ment  alone,  there  was  a  sharp  drop  in  peripheral  resistance 
following  the  administration  of  the  larger  voluiws.  A  progress¬ 
ive  rise  in  resistance  occurred  during  the  six-hour  period  of 
observation  with  the  a-tainl stretion  of  the  smaller  volume  of 
fluid. 

The  addition  of  pharmacologic  agents  resulted  in  Drecipi- 
tc  is  ar'4  sustained  drops  'n  the  peripheral  resistance  in  the 
animals  administered  the  large  volumes  of  fluid.  This  was 
true  of  hydra-saline,  phe  i-.ybenzamine  and  Isoproterenol . 

However,  in  the  smaller  vu'enes  -.f  fluid,  only  hydrazaline 
maintained  the  decrease  ir.  peripha*al  resistance  for  the 
six-hour  period  of  observation  (Fig.  5). 

3*  Arterial  and  Venous  pressures.  Keen  arterial  pres¬ 
sure  showed!  a  sharp  rUe  i*eie<MaU)y  Following  burning  with 
a  rapid  decline  to  or  slightly  below  preburn  value  at  one- 
hoyr  po^tbum.  Following  achiinl -tration  of  fluids  with  the 
pharmacologic  agents  or  si  one,  :re  was  rarely  more  tlur.i 


Figure  5.  Peripheral  resistance  shewed  a  sharp  rise 
immediately  postburn  which  was  sustained  in  the  control  groups 
until  large  volumes  of  fluid  were  administered.  With  ac¬ 
tion  of  drugs,  resistance  decreased.  This  was  most  marked 
with  hydralazine  and  minimally  seen  with  Tsoproterenol . 
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a  10  per  cent  variation  in  mean  arterial  pressure.  Venous 
pressures  fluctuated  considerably  from  -1  to  +7  mm  Hg,  and  this 
was  associated  with  two  factors:  changes  in  respiratory  rate 
and  the  obvious  pulmonary  congestion  associated  with  the  very 
large  volunes  of  fluid.  Character  of  respiration  varied  so 
greatly  and  rapidly  throughout  the  period  of  observation, 
however,  that  it  is  felt  that  the  validity  of  the  venous 
pressure  observations  as  a  reflection  of  cardiac  dynamics  is 
questionable. 

4.  Hematocri t.  Changes  in  right  atrial  hematocrit  were 
c.rectly  proportional  to  volume  of  fluid  adninistered  (Fig.  6) 
except  in  the  group  of  animals  receiving  phenoxybcnzamine.  In 
these  animals  there  was  a  precipitous  and  sustained  drop  in 
hematocrit  which,  though  influenced  by  volume  of  fluid  ad¬ 
ministered,  was  out  of  proportion  to  that  seen  in  the  other 
animals  ( FI g.  7).  Observation  of  the  animals  at  sacrifice 
revealed  that  the  burned  animals  without  treatment  and  those 
treated  with  fluids  and  hydralazine  showed  an  almost  50  per 
cent  decrease  in  mean  spleen  weights  when  compared  with  control 
animals  which  were  anesthetized  but  not  burned.  In  contrast, 
the  phenoxybenzami ne  animals  all  had  an  engorged  spleen  with 
mean  weight  of  almost  twice  that  of  control  animals. 

This  decrease  in  hematocrit  would  obviously  effect  peri¬ 
pheral  viscosity  and  also  be  a  consideration  in  calculations 
of  oxygen  availability  or  oxygen  extraction. 


SPLEEN  WEIGHTS  (MEAN) 


Unturned 
Anesthetized 
Controls(1  1 ) 

Burn 

Treatment-- 

None 

Burn  Burn 

Treatment--  Treatment-- 
Fluids,  Fluids, 

Hydralazine  Phenoxybenzami ne 

Spleen  wt. 

142  gn 

o7  gm 

69.2  gn 

211.4  gn 

Spleen  wt. 

7.5  gm/Kg 

4.23  gm/Kg 

4.42  gn/Kg 

14.77  gn/Kq 

Kg.  dog  wt. 

5.  Excess  Lactate.  Arterial  samples  were  drawn  from  the  aorta. 
Venous  samples  were  obtained  from  the  Inferior  vena  cava.  This 


figure  6.  While  the  anticipates  decreet*  in  hematocrit 
occurred  with  increasing  volumes  of  f’uid  replacement,  it  eras 
most  striking  when  phtnoxybenzamine  was  given  also.  This  is 
reflected  in  spleen  weights  as  wall. 


PRC  Bums 


hour*  po*t» m 


nouw  porraum 


Figure  7.  Phenoxybenaamine  administration  resulted 
In  more  marked  hematocrit  drops  in  all  categories  of 
fluid  administration. 
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sourcf  "-s  c*-.  asen  In  an  attempt  to  measure  any  changes  in  the 
circulation  of  the  burn  area.  In  the  control  animals,  both 
arterial  ana  venous  lactate  showed  a  preci  pite?*s  rise.  The 
arterial  lactate  (Fig.  8}  was  maintained  for  the  six-hour 
obsersation  period  at  the  immediate  postburn  level,  while 
the  venous  excess  lactate  (inferior  cava),  as  one  would  ex¬ 
pect,  continued  to  rise  (Fig.  9).  Therapy  with  fluids  alone 
during  the  six-hour  period  resulted  in  a  gradual  return 
toward  normal  levels  but  during  the  six-hour  period  there  still 
remained  some  excess.  During  the  36-hour  periods  of  observa¬ 
tion!,  treatment  with  fluids  alone  resulted  in  return  to  normal 
baseline  values  by  8  to  36  hours  postburn  with  some  fluctua¬ 
tion  around  the  baseline  level,  except  in  the  animals  receiv¬ 
ing  the  small  volumes  of  fluid  (Fig.  10).  In  those,  there 
was  a  rather  marked  ri se  between  28  and  36  hours  postburn 
when  the  animals  all  appeared  in  terminal  failure.  While 
the  peak  levels  in  the  groups  receiving  the  fluids  alone  as 
compared  to  those  receiving  fluids  and  pharmacologic  agents 
varied  little,  those  animals  receiving  the  drugs  showed  more 
tendency  to  return  toward  the  baseline  during  the  six-hour 
period  of  observation.  When  observed  for  a  period  of  36 
hours,  the  animals  treated  with  fluids  and  hydrazaline  demon¬ 
strated  a  return  of  excess  lactate  values  to  the  normal  bass¬ 
line  at  16  hours  postburn.  Surprisingly,  the  animals  receiv¬ 
ing  fluids  and  phenoxybenzamine  in  the  36-hour  group  showed 
a  less  extreme  rise  in  excess  lactate  values  and  a  more 
precipitous  and  sustained  drop  to  below  preburn  levels  which 
was  diffi  cu  It  to  explain. 

6.  Oxygen  Extraction.  This  was  '■elculated  by  the  follew- 
ing  formuTar 

Hct  x  0.33  (ratio  hct/hgb)  x  1.34  (ml  Oi/gm  hgb  at 
%  A -v  sat  x  saturation)  x  cardiac  output  x  1000 

100 

=  %  A-V  sat  x  hematocrit  x  4.46  x  cardiac  output 

*  O2  extraction 


Calculation  of  oxygen  extraction  by  the  above  method 
revealed  that  in  animals  receiving  fluids  only,  oxygen  extrac¬ 
tion  Improved  with  increasing  volumes  of  fluid.  Only  moderate 
increases  (5  +  4.5)  in  the  volune  of  fluid  administered 


ARTERIAL  EXCESS  LACTATE 
CONTROL 


ARTERIAL  EXCESS  LACTATE 

HYDRALAZINE 


ARTERIAL  EXCESS  LACTATE 


rhcnoxykmzmrne 


ARTERIAL  EXCESS  LACTATE 


Figure  8.  Arterial  excess  lectete  (X3t)  displayed  an 
initial  sharp  rise  and  a  gradual  return  toward  normal  in 
the  six-hour  period.  The  dicrease  was  most  noticeable  in 
the  phenoxybonzamine  groups. 
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figure  10.  Excess  lactste  (XSl)  gradually  declined  from 
peek  postburn  values.  The  most  striking  was  the  reduction 
with  phenoxy-benzamine.  Values  beyond  28  hours  are  dif¬ 
ficult  to  evaluate  for  many  animals  are  dying  with  pneumonia 
and  congestion  at  that  time  although  they  survive  the  ’6-hour 
observation  period. 
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returned  oxygen  extractions  to  preburn  levels.  Increasing 
fluids  above  that  volume  resulted  in  supernormal  oxygen 
extractions  (Fig.  11).  With  the  small  volumes  of  fluid,  both 
hydralazine  and  Isoproterenol  resulted  in  a  return  of  the 
oxygen  extractions  toward  the  normal  baseline  during  the 
six-hour  period  of  observation.  Phenoxybenzamine  therapy 
showed  no  tendency  towards  improvement  and  in  fact  resulted 
in  a  continuous  drop  in  oxygen  extraction.  As  the  volume 
of  fluids  was  increased,  both  hydrazaline  and  Isoproterenol 
showed  rather  striking  improvements  in  oxygen  extraction, 
while  it  was  not  until  extremely  large  volumes  of  fluids 
(6  +  19)  were  adninistered  that  any  improvement  in  oxygen 
extraction  was  noted  in  the  animals  receiving  phenoxybenzamine. 

In  the  animals  observed  for  36  hours,  oxygen  extraction 
values  fluctuated  widely  beyond  eight  hours  both  within  groups 
and  between  groups.  This  reflected  the  instability  of  the 
study  preparation  during  that  period  probably  due  to  varying 
requirements  for  anesthesia  supplements  for  this  prolonged 
period  of  observation  and  frequent  findings  of  pulmonary  con¬ 
gestion  and/or  pneumonia  at  sacrifice.  Even  so,  by  24  J»ours 
postburn  all  groups  had  oxygen  extraction  values  at  preburn 
levels  or  far  above. 

In  general,  unless  oxygen  extraction  exceeded  preburn 
values,  the  excess  lactate  levels,  particularly  in  venous 
blood,  tended  to  remain  elevated  for  longer  periods  of  time 
and  the  latter  often  exceeded  the  values  for  arterial  blood 
(Fig.  12). 

Comparative  bufferingt  Tris  (hydroxymethyl)  ami  none thane 
demonstrated  effective  buffering  activity  but  was  no  more  ef¬ 
fective  than  equal  volumes  of  Ringer's  lactate  (Fig.  13). 

While  urinary  output  was  far  greater  in  the  Tris  animats, 
there  was  no  discernable  difference  in  the  amount  or  rate  of 
edema  forming  in  the  burn.  Nor  did  cardiac  output  improve 
with  a  buffer  added  to  fluid  therapy  (Fig.  14). 

Steroids;  The  addition  of  large  doses  of  steroids  to 
the  fluid  resuscitation  schedules  resulted  in  no  improvement 
in  cardiac  output. 

Discussion 


The  use  of  the  various  resuscitation  formulae  for  the 
initiation  of  fluid  replacement  therapy  in  the  acutely  burned 
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Figure  11.  Oxygen  extraction  was  found  to  be  most  ef¬ 
ficient  when  fluid  volumes  were  combined  with  hydralazine  or 
Isoproterenol*  particularly  the  former.  Only  in  the  very 
large  fluid  volume  replacements  wcs  the  administration  of 
phenoxybenzamine  associated  with  significant  improvement. 
This  is  in  contrast  to  the  XSL  values. 


Legends  for  Figures  12 A,  B,  C,  and  D 

The  inverse  correction  of  oxygen  extraction  and  excess 
lact.ate  obtains  in  all  fluid  volume  and  drug  groups  except 
the  phenoxybenzami ne  groups.  In  the  latter,  arterial  XSL 
declines  in  spite  of  a  persistently  low  oxygen  extraction. 
The  A -V  differences  in  XSL  are  difficult  to  explain. 
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Figure  13*  Figures  ^re  mean  values  and  standard 
deviation.  Equal  volumes  of  fluid  were  gi  3n  in  each 
instance.  Buffering  action  was  essentially  the  same 
for  Tris  (hydroxymethyl)  aminomethane  and  Ringer's 
lactate. 
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Legends  for  Figures  1 4a  and  B 

The  administration  of  Tris  buffer  resulted  in  no  im 
provement  over  that  of  fluid  volume  alone. 


PER  CENT  OF  PR  E  BURN 
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OXYGEN  EXTRACTION 


OXYGEN  EXTRACTION 
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Figure  15.  Oxygen  extraction  improved  with  increasing 


vol ernes  of  fluid  replacement 
receiving  phenoxybenzami nr . 
values . 


therapy  except  in  the  groups 
This  is  in  contrast  to  the  XSL 
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Figures  1 6a  and  16B 


Increasing  volume  by  increasing  colloid  resulted  in  no 
improvement  within  the  period  of  observation  until  hydra  la 
zine  was  added. 
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CARDIAC  OUTPUT 


THFRAPY  -  D«xtran/NS  5<nl  kj/Hr. 

Ring»r'«  Loc.  ate 43ml./ kg./Hr. 


Figure  i 6 A 
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Figures  17A  and  17D 

Administering  the  entire  24-hour  fluid  volume  (Brooke 
formula)  in  four  hours  still  results  in  only  slight  im¬ 
provement  during  this  period.  However,  the  addition  of 
hydralazine  is  associated  wi th  a  tremendous  increase. 
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CARDIAC  OUTPUT 
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Legend  for  Figures  1 8A  and  1 8 B 

This  volume  is  essentially  the  volume  and  rate  advocated 
by  the  Brooke  formula.  No  improvement  is  seen  except  with 
hydralazine.  Values  are  mean  and  standard  deviation. 
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individual  appears  well  established  within  the  surgical 
philosophy  pertinent  to  this  particular  injury.  Since  the 
initial  work  of  Evans^5  and  the  retrospective  analysis  of 
fluid  therapy  which  resulted  in  the  Brooke  formula, 37  little 
has  been  done  to  methodically  evaluate  the  efficacy  of  fluid 
replacement  therapy  in  the  burned  patient.  Rate  of  urinary 
output  has  been  used  as  the  primary  guide  to  adequacy  of 
replacement  therapy  and  in  major  thermal  injury  in  which  all 
four  extremities  are  usually  involved,  it  often  becomes  the 
only  indication  of  circulatory  esponse.  The  appropriateness 
of  this  reliance  upon  urinary  output  may  be  seriously  ques¬ 
tioned  when  one  observes  patients  with  obviously  poor  peri¬ 
pheral  flow  and  an  extremely  low  measured  cardiac  output  who 
st’ll  maintain  a  urinary  output  of  50  to  100  cc  per  hour. 

In  addition,  the  often  inappropriate  Dut  nevertheless  oc¬ 
casional  use  of  osmotic  diuretic  agents  obviates  any  reliance 
upon  rate  of  urine  formation  as  an  index  of  adequacy  of  fluid 
resuscitation  therapy. 

In  clinical  practice,  the  burn  resuscitation  formulae  are 
properly  used  only  as  a  guide  to  initiation  of  therapy  and 
not  adhered  to  rigidly. 

The  Evans  formula  advocates  equal  quantities  of  whole 
blood  end  salt  water,  while  the  Brooke  formula  advocates  the 
same  total  volume  of  fluids  but  a  redistribution  so  that 
three-fourths  of  the  initial  volume  is  salt  water  and  one- 
fourth  blood  or  colloids.  Recently,  Moyer33  has  advocated 
the  use  of  salt  solutions  alone  in  the  resuscitation  of  the 
burned  patient  in  the  immediate  postburn  period.  While  the 
latter  has  not  gained  widespread  popularity,  it  nevertheless 
poses  an  intriguing  hypothesis  which  deserves  investigation 
if  for  no  other  reason  than  to  attempt  to  clarify  the  con¬ 
fusion  generated. 

Within  the  obvious  limitations  of  tmspos  i  ti  on  of  data 
from  one  species  to  another  and  the  influence  of  anesthesia 
upon  the  preparation  utilized,  it  appears  reasonable  to  state 
that  the  circulatory  response  as  manifested  by  cardiac  output 
demonstrates  an  improvement  in  proportion  to  the  volume  and 
rate  of  fluid  administration.  The  administration  of  a  volume 
of  fluid  roughly  equivalent  to  the  Brooke  formula  results  in 
minimal  improvement  in  cardiac  output  over  a  period  even  as 
long  as  36  hours  postburn.  If  the  volume  of  fluid  is  in¬ 
creased,  particularly  by  increasing  the  volume  of  colloid,  one 
gets  very  significant  and  rapid  increase  in  cardiac  output, 
reaching  normal  levels  within  eight  hours  postburn  and  being 
maintained  there  with  a  lesser  volume  of  fluid.  The  only 
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advantage  which  accrues  from  further  increases  in  volume  replace¬ 
ment  therapy,  particularly  in  the  colloid  constituent,  is  a  more 
rapid  return  to  preburn  levels.  Increase  in  total  volume  above 
10  ml/Kg/hr  or  colloid  above  5  ml/Kg  offers  no  significant  im¬ 
provement  and  often  results  in  overload. 

The  response  of  the  animals  is  the  same  a~  that  of  humans 
with  large  burns  who  invariably  require  larger  total  volumes 
and  particularly  an  increase  of  colloid  above  that  suggested 
by  the  Brooke  formula  (0.5  ml/Kg/hr). 

The  animals  receiving  Ringer's  lactate  alone  without  col¬ 
loid  received  the  same  amount  of  sodium  ions  and  15  per  cent 
more  total  fluid  than  did  those  receiving  the  moderate  volume 
of  fluids  (10  +  3)  with  a  heavy  colloid  load.  The  colloid 
utilized  in  the  latter  group  was  dextran  in  saline  and  it  might 
be  argued  that  it  was  actually  the  sodium  ions  in  the  dextran- 
saline  solution  that  was  important  rather  than  colloid.  How¬ 
ever,  the  salt  solutions  alone  did  nothing  to  improve  cardiac 
output  and  under  these  conditions  failed  to  support  the  thesis 
of  the  salt  water  advocates.  Volumes  of  salt  water  of  the  mag¬ 
nitude  of  3-4  times  the  colloid  volumes  might  be  more  effective. 

The  optimum  cardiac  output  in  the  immediate  postburn  period 
is  yet  to  be  determined  but  it  may  well  be  in  excess  of  normal. 5»6 
A  great  deal  has  been  said  in  recent  months  concerning  the  use 
of  pharmacologic  agents  as  adjunctive  measures  in  the  treatment 
of  shock  which  has  not  responded  adequately  to  volume  replace¬ 
ment  therapy.  The  alpha  adrenergic  blocking  agent,  phenoxy- 
benzamine,  and  the  beta  adrenergic  stimulant,  .soproterenol ,26*28 
have  been  advocated  in  these  situations.  In  addition,  the 
steroids27, 38  have  always  enjoyed  some  mysterious  popularity 
and  are  often  used  with  little  rationale  in  difficult  situa¬ 
tions.  Hydralazine  has  long  been  used  as  an  oral  antihyper¬ 
tensive  agent,  and  a  recent  report  would  indicate  that  its  use 
with  volume  replacement  therapy  in  the  immediate  postburn  period 
might  be  benef i c i al . 30  This  latter  drug  works  directly  on  the 
smooth  muscle  of  the  vessels  to  resu’t  in  dilatation  of  both 
the  resistance  and  capacitance  vessels,  and  also  has  some  ino¬ 
tropic  or  central  cardiac  stimulating  action. • > 3* 1 2  Isoproterenol 
is  also  known  to  have  an  Inotropic  effect. 

V^iile  the  dosages  utilized  in  this  study,  particularly 
Isoproterenol ,28  may  be  in  same  dispute,  conclusions  must  be 
made  on  the  basis  of  the  data  vail  able.  Steroids  in  the  form 
of  Methyl  prednisolone  exert  no  demonstrable  effects  during  the 
six-hour  periods  of  observation  utilized.  Isoproterenol 


results  in  some  mild  improvement  in  cardiac  dynamics  as 
demonstrated  by  improvement  in  cardiac  output  to  a  point 
approximately  midway  between  the  immediate  postburn  deficit 
and  the  preburn  normal  levels.  The  observation  period  was 
only  six  hours,  however,  and  it  is  possible  that  further 
observation  would  have  resulted  in  eventual  improvement  to 
preburn  levels.  However,  during  the  last  three  hours  of 
observation,  values  plateaued  and  there  was  no  significant 
tendency  towards  improvement. 

The  use  of  phenoxybenzamine  results  in  insignificant 
improvement  in  cardiac  output,  even  over  a  36-hour  period  of 
observation,  except  wnen  the  extremely  large  doses  of  fluid 
volume  are  utilized.  Under  these  circumstances,  the  animals 
have  wet  lungs  and  fluids  drip  from  the  nose  in  large  quan¬ 
tities.  Overload  is  obvious. 

Hydralazine,  even  with  the  smallest  volumes  of  fluid, 
results  in  improvement  in  cardiac  output  and  the  return  to 
preburn  levels  is  general 1y  maintained.  Increasing  the  volume 
of  fluid  administered  in  combi  nation  wi th  hydralazine  re¬ 
sults  in  an  even  more  rapid  return  to  normal  preburn  levels 
and  subsequent  outputs  exceed  baseline  in  proportion  to  the 
volume  of  fluid  administered.  If  cardiac  output  is  a  reliable 
index  of  the  adequacy  of  the  circulatory  response,  the  com¬ 
bination  of  hydralazine  with  resusci tat i ve  fluids  is  benefi¬ 
cial.  The  moderate  fluid  volumes  (5  +  4.5)  combined  with 
hydralazine  result  in  excellent  output  values  without  overload. 
It  seems  probable  that  in  the  first  four  to  eight  hours  post¬ 
burn  a  volume  of  fluid  administration  far  in  excess  of  that 
presently  popular  is  advisable  in  order  to  return  cardiac 
output  to  normal  or  supernormal  levels.  It  would  appear  par¬ 
ticularly  appropriate  in  circumstances  in  which  initiation 
of  therapy  has  been  delayed.  Following  the  rapid  return  to 
these  levels,  the  fluid  therapy  in  all  likelihood  could  be 
reduced  sharply  and  still  maintain  essentially  the  same 
cardiac  output. 

Indeed,  such  conclusions  are  justified  by  recent  observa¬ 
tions  that  fluid  los;  from  the  vascular  compartment  is  very 
greatly  increased  for  the  first  22-30  hours  postburn,  after 
which  time  vascular  integrity  is  restored  and  subsequent  volume 
replacement  therapy  remains  mainly  within  the  vascular 
compartment . 36 
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The  response  of  the  heart  to  thermal  injury  has  been  in¬ 
vestigated  by  others^  with  the  implication  that  central  myo¬ 
cardial  failure  is  a  predominant  factor  in  postburn  shock. 

This  conclusion  was  based  on  simultaneous  cardiac  output  and 
blood  volume  determinations.  Since  output  decreases  much 
more  rapidly  than  volume,  it  was  considered  that  central 
failure  had  occurred.  However,  such  a  conclusion  is  based 
on  the  assumption  that  blood  volume  deficit  or  myocardial 
failure  are  the  only  factors  causing  a  deficiency  in  cardiac 
output.  Such  is  not  warranted.  Sudden  rises  in  peripheral 
resistance  can  be  a  major  consideration. 

The  response  of  the  myocardium  in  this  study  indicates 
that  given  a  good  fluid  load  the  heart  is  quite  capable  of  a 
respectable  response.  The  increase  in  output  with  increas¬ 
ing  fluid  volumes  and  in  the  shunt  animals  is  evidence  for 
this.  The  fact  that  the  administration  of  inotropic  agents 
(hydralazi ne,  Isoproterenol )  are  associated  with  a  further 
increase  in  cardiac  output  is  not  necessarily  indicative  of 
an  original  limited  response.  It  could  also  be  purely  a  drug 
augmentation  of  the  normal  myocardium  such  as  that  seen  with 
digitalis. 8  This  study  does  not  clearly  delineate  which  is 
occurring.  However,  phenoxybenzamine,  which  has  no  inotropic 
effect,  can  be  expected  to  result  in  an  improvement  in  cardiac 
outout  only  by  decreasing  peripheral  resistance.  It  does  in 
fact  cause  much  less  of  a  positive  response,  suggesting  that 
myocardial  depression  may  be  a  factor. 

While  the  precise  mechanism  of  action  of  these  pharmaco- 
-  gical  agents  under  these  specific  circumstances  is  not 
'nov/n,  it  is  apparent  that  phenoxybenzamine,  Isoproterenol  and 
.ydralazine  all  decrease  peripheral  resistance.  In  addition, 
Isoproterenol  and  hydralazine  have  an  inotropic  effect  which 
in  the  case  of  Isoproterenol  is  directly  on  the  myocardium. 

It  is  not  known  whether  hydralazine  works  directly  on  the  myo¬ 
cardium  or  through  a  neural  center.  In  contrast  to  Isopro¬ 
terenol  which  works  as  a  beta  adrenergic  stimulant  to  dilate 
the  resistance  vessels,  hydralazine  works  directly  on  the 
smooth  muscle  of  both  the  resistance  and  capacitance  vessels. 
Whatever  the  precise  mechanisms,  the  hydralazine  under  the 
circumstances  and  in  the  dosage  presented  here  appears  superior. 
It  may  well  be  that  an  increased  dose  of  Isoproterenol  would 
result  in  findings  similar  to  those  presented  for  hydralazine. 
However,  there  are  some  dangers  in  increasing  the  dosage  of 
the  former  drug. 
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The  use  of  ’’excess  lactatd1  ( XSL)  as  a  measure  of  anae¬ 
robic  metabolism  and  thus  an  index  of  the  tissue  hypoxia 
has  been  popularized  by  Huckabee  and  other s.^» 22, 23,2k  while 
the  use  of  such  rietermina* ions  is  disputed  by  some, 3^  the 
controversy  involves  primarily  the  question  of  whether 
anaerobiosis  may  occur  without  the  appearance  of  excess  lac¬ 
tate.  This  does  not  concern  us  in  this  study,  however,  as 
it  is  ordinarily  accepted  that  excess  lactate  does  not  occur 
in  the  absence  of  anaerobiosis.  If  this  is  true,  the  deter¬ 
mination  of  excess  lactate  when  it  exists  should  be  a  rough 
index  of  at  least  the  minimal  degree  of  anaerobiosis,  realiz¬ 
ing  that  more  may  be  occurring  than  is  reflected  in  the 
excess  lactate. 

If  in  turn  anaerobiosis  is  a  measure  of  adequacy  of 
peripheral  circulation,  then  the  measurement  of  excess  lac¬ 
tate  should  be  a  reflection  of  this  peripheral  tissue  cir¬ 
culation.^  jn  addition,  calculation  of  oxygen  extraction 
as  a  measure  of  anaerobic  tissue  metabolism  should  also  be  a 
measure  of  the  adequacy  of  peripheral  circulation  and  should 
inversely  correlate  with  excels  lactate  detcrmi nations. 7 >  H 

If  one  assumes  that  the  foregoing  relationship  between 
excess  lactate,  oxygen  extrav..ion  and  peripheral  circulation 
is  -orrect,  then  the  data  obtained  in  this  study  becomes  of 
greatei  .  gnificance.  The  use  of  fluid  volume  replacement 
alone  results  in  •increasing  improvement  in  oxygen  extraction 
in  proportion  to  t'a  vo*  ■  of  fluid  administered.  This 
becomes  in  excess  of  the  oaselirte  preburn  values  with  the 
larger  fluid  volumes,  if  an  oxygen  debt  had  been  incurred 
during  the  first  hour  after  burning,  it  would  be  necessary  to 
increase  oxygen  extraction  above  the  preburn  baseline  values 
in  order  to  make  up  for  this  deficit.  It  would  thus  appear 
that  with  fluid  volune  replacement  alone  an  early  repair  of 
such  an  oxygen  deficit  would  require  the  administration  of 
dangerously  Isrge  volumes  of  fluid. 

Addition  of  hydralazine  to  the  fluid  replacement  therapy 
results  in  mild  improverrnt  with  the  smaller  volumes  of  fluid 
and  a  marked  and  rapid  rise  in  oxygen  extraction  above  the 
baseline  values  even  with  the  moderate  volumes.  In  these  in- 
stances,  the  debt  could  be  readily  revered.  However,  when 
one  observes  He  effect  on  oyyqer.  extraction  by  the  addition 
of  the  phenoxybenzamine  to  the  fluid  resuscitation  regimen,  it 
is  not  until  extremely  Urge  volunos  of  fluid  replacements 
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are  accomplished  (6  +  19)  that  there  is  any  significant  im¬ 
provement,  and  this  does  not  appear  adequate  to  overcome  any 
oxygen  debt  in  this  early  postburn  period. 

The  inverse  relationship  between  oxygen  extraction  and 
excess  1  actat^determi nation  appears  at  least  roughly  present 
in  these  determinations.  In  the  smaller  fluid  volume  replace¬ 
ments,  even  with  the  drug  additives,  improvement  in  oxygen 
extraction  does  not  appear  to  be  enough  to  overcome  the 
initial  oxygen  debt.  Conversely,  in  these  instances  the 
excess  lactate  levels  remain  elevated  with  no  tendency  to 
drop  significantly  during  the  period  of  observation.  As 
oxygen  extraction  improves  to  a  sustained  level  well  above 
baseline,  the  excess  lactate  determinations  tend  to  decrease 
towards  normal.  Such  a  situation  obtains  in  all  cases  ex¬ 
cept  that  in  which  phenoxybenzami ne  has  been  utilized  as  the 
pharmacol ogi c  agent.  Under  the  latter  circumstances,  oxygen 
extraction  does  not  appear  adequate  to  overcome  the  initia 
oxygen  debt.  While  arterial  excess  lactate  in  this  larger 
volume  replacement  group  does  appear  to  return  toward  the 
norma!  baseline,  the  venous  excess  lactate,  which  is  drawn 
from  the  inferior  vena  cava  draining  the  area  burned,  remains 
elevated  in  all  groups  to  a  greater  degree  than  the  arterial. 

Since  oxygen  extraction  in  these  instances  is  calculated 
as  a  product  of  cardiac  output,  hematocrit  and  A-V  oxygen 
saturation,  the  lowering  of  the  hematocrit  due  to  splenic 
engorgement  subsequent  to  the  administration  of  phenoxyben¬ 
zami  ne  might  be  a  significant  factor  in  decreasing  the  overall 
oxygen  extraction  value  in  that  group.  However,  correction 
for  this  by  substituting  the  hematocrit  value  of  the  hydralazine 
animals  in  the  formula  for  the  determination  of  oxygen  extrac¬ 
tion  with  phenoxybenzami ne  results  in  only  «  maximum  increase 
in  oxygen  extraction  of  10  per  cent.  This  improvement  would 
not  be  enough  to  make  any  significant  improvement  in  the 
degree  of  oxygen  extraction  in  the  animals  receiving  phenoxy- 
benzamine  indicating  RBC  sequestration  as  being  of  little 
significance  in  this  regard. 

The  persistent  deficit  in  oxygen  extraction,  the  sus¬ 
tained  elevation  of  venous  excess  lactate  values,  and  the 
gradual  decline  in  arterial  excess  lactate  values  are  possibly 
explained  on  the  basis  of  an  arteriovenous  shunt  subsequent 
to  burning  which  is  not  reversed  by  the  administration  of 
phenoxybenzami ne.  Such  a  shunt  mechanism  would  decrease  both 
the  A -J  oxygen  difference  at  the  two  ends  of  t  ,e  capillary 
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bed  as  well  as  the  pressure  differential  between  inflow  and 
outflow  points.  Under  these  circumstances,  flow  through 
the  peripheral  capillary  bed  would  be  diminished  and  ex¬ 
plain  the  persistent  elevation  of  the  venous  excess  lactate 
levels.  In  addition,  a  decreased  A -V  oxygen  difference 
would  be  reflected  in  a  calculated  decrease  in  total  oxygen 
extraction  and  yet  the  shunt  mechanism  with  flow  through  it 
increased  by  large  vessel  dilatation  would  provide  for  an 
improvement  in  cardiac  output  as  measured  centrally. 

That  such  a  shunting  mechanism  exists  is  strongly  sug¬ 
gested  by  recent  investigations  of  the  vascular  response 
to  sympathetic  nerve  stimulation  or  norepinephrine  infusion. 2 
This  shows  that  with  nerve  stimulation  arterial  and  venous 
constriction  and  arteriolar  dilatation  occurs.  With  nor¬ 
epinephrine,  arteriolar  constriction  and  some  venular  con¬ 
striction  occurs,  particularly  in  peripheral  tissues.  In 
both  instances,  there  is  a  shunting  of  blood  from  the  peri¬ 
pheral  tissue  to  the  deep  circulation  of  the  muscles.  In 
the  immediate  postburn  period,  both  sympathetic  stimulation 
and  norepinephrine  release  occur.  Thus,  it  would  be  logical 
to  expect  shunting  postburn. 

If  phenoxybenzamine  were  capable  of  dilatation  of  the 
entire  peripheral  vascular  tree,  one  would  expect  a  clear 
improvement  in  both  peripheral  flow  and  oxygen  extraction. 
However,  the  drug  is  effective  only  as  a  dilator  of  large 
vessels,  with  the  arterioles  unaffected. 25  Such  action  leaves 
the  arteriolar  constrictor  effect  of  norepinephrine  intact 
and  the  shunting  to  deeper  tissues  continues.  The  large 
vessel  dilatation  would  also  increase  rate  of  flow  through 
the  shunt  and  improve  cardiac  output  without  benefit  to  peri¬ 
pheral  tissues, 

If  the  foregoing  is  correct,  phenoxybenzamine  while  im¬ 
proving  somewhat  the  circulatory  hemodynamics  in  respect  to 
cardiac  output  perpetuates  the  deficit  in  peripheral  circu¬ 
lation  which  exists  in  the  immediate  postburn  period. 

Hydralazine,  acting  directly  on  smooth  muscle,  could 
overcome  the  vasoconstrictor  effect  of  both  nerve  stimulation 
and  norepinephrine  infusion,  thus  reversing  the  shunting 
effect  and  improving  peripheral  w  as  well  as  cardiac 
output.  It  is  possible  that  Isoproterenol  may  act  in  s 
simi lar  manner. 
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It  is  of  interest  that  hydralazine,  while  effectively 
dilating  the  peripheral  vascular  tree,  does  not  interfere 
with  the  contraction  of  the  spleen,  an  act  accomplished  by 
smooth  muscle  also.  On  the  contrary,  phenoxybenzamine  ad¬ 
ministration  results  in  a  striking  engorgement  of  the  spleen, 
as  if  it  were  completely  flaccid. 

Summary 

Dogs  subjected  to  a  50  per  cent  scald  burn  were  studied 
in  an  attempt  to  delineate  the  response  to  various  fluid 
regimens  and  pharmacologic  agents  in  the  period  6-36  hours 
postburn. 

Following  burni ng , cardiac  output  decreased  rapidly  to 
50  to  60  per  cent  of  preburn  levels  and  by  one  hour  was  30 
to  40  per  cent  of  initial  values.  Without  therapy,  a  gradual 
slight  decline  continued.  With  increasing  volumes  of  fluid 
aohinistration,  output  returned  toward  preburn  levels.  With 
addition  of  pharmacologic  agents,  further  improvement  was 
slight  with  phenoxybenzamine,  moderate  with  Isoproterenol  and 
marked  with  hydralazine.  Steroids  showed  no  beneficial 
effect.  Salt  water  alone  as  a  resuscitating  agent  had 
little  effect  in  the  volumes  used  and  was  greatly  inferior 
to  col loid. 

Increases  in  early  resuscitation  volumes  above  10  ml/Kg/hr 
and  more  than  5  ml/Kg/hr  of  colloid  offered  no  significant  ad¬ 
vantage.  This  was  particularly  true  when  hydralazine  was 
added  as  0.5  mgm/Kg  q  2h. 

Results  indicate  the  myocardium  is  capable  of  a  good 
response  to  a  fluid  load  but  inotropic  agents  increase  the 
response.  Peripheral  flow  is  most  effectively  increased  with 
hydralazine,  less  so  with  Isoproterenol  and  least  of  all  by 
pheroxylbenz amine.  An  explanation  for  this  is  offered. 
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M(U)  Tech  Objective  -  Study  f  site  of  blood  pressure  changes  following  burn. 

(U'  Approach  -  Catheterization  of  large  artery,  small  artery,  small  vein  and  large 
vein,  and  measurement  of  point  pressure  changes,  and  change  In  pressure  between  above 
vessels  following  burn  and  following  administration  of  various  drugs. 

"(U)  Progress  (Jul  65  -  Jun  66)  -  Results  demonstrate  marked  Increase  In  small  vein 
pressures  following  burns.  Greatest  Increase  In  resistance  between  small  and  large 
veins.  Action  of  Hydralazine  appears  to  be  on  small  vessel  segment.  Action  of 
Dibenzyl Ine  appea-s  to  be  on  larger  arteries.  Only  denervation  completely  abolishes 
response. 

Probable  great  increase  In  mean  capillary  pressure  which  may  explain  one 
mechanism  of  ed-ma  formation. 
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A  study  of  small  blood  vessel  pressures  was  undertaken 
in  extremities  subjected  to  scald  injury  to  ascertain  the 
site  of  changes  in  vascular  resistance. 

Results  demonstrate  a  marked  increase  in  small  vein 
pressures  following  burns.  The  greatest  increase  in  vascular 
resistance  is  noted  in  the  smal 1 -to- large  vein  segment. 
Hydralazine  appears  to  act  primarily  on  the  small  vessel 
segment  while  phenoxybenzamine  acts  primarily  on  the  larger 
arteries.  Only  denervation  completely  abolishes  the  veno- 
pressor  response. 


(1)  Small  vessel  pressure 

(2)  Peripheral  resistance 

(3)  Venule  pressure 
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STUDY  OF  SEGMENTAL  RESISTANCE  CHANGES 
DURING  BURN  SHOCK 


In  an  attempt  to  describe  the  mechanisms  accounting  for 
the  greatly  depressed  cardiac  output  observed  in  untreated 
burned  dogs,  Michie'  hypothesized  that  there  was  a  decreased 
venous  return  and  an  increase  in  peripheral  resistance.  He 
also  hypothesized,  since  the  administration  of  Hydralazine 
plus  u  minimal  fluid  replacement  restored  the  cardiac  output 
to  preburn  levels,  that  the  action  of  Hydralazine  was 
primarily  that  of  peripheral  vasodilatation.  Utilizing  a 
technique,  described  by  Haddy,2  in  which  it  was  possible  to 
measure  pressures  in  the  various  vascular  segments,  an  at¬ 
tempt  was  made  to  determine  the  site  of  vasoconstriction 
which  occurs  in  the  burned  animal. 

Methods 

All  studies  were  performed  on  mongrel  dogs  under  light 
pentobarbital  anesthesia.  A  superficial  dorsal  metatarsal 
vein  was  exposed  in  the  paw  and  a  PE-10  or  a  Teflon  catheter 
0.6  mm  0D,  was  inserted  upstream  through  the  small  vein  for 
a  distance  of  2-3  cm  in  the  paw.  A  small  superficial  artery 
supplying  the  paw  was  similarly  catheterized.  After  cathe¬ 
ters  were  tied  in  place,  blood  could  be  aspirated  and  saline 
freely  infused  through  all  catheters,  indicating  adequate 
collateral  circulation.  The  femoral  artery  and  femoral  vein 
were  catheterized  with  polyethylene  tubing  placed  through 
branches  in  these  vessels.  Burns  were  inflicted  to  the 
extremity  by  immersion  in  boiling  water  for  12  seconds.  All 
drugs  were  administered  by  catheters  placed  in  the  jugular 
veins  of  these  animals.  Hydralazine,  0.5  mg/kg,  was  ad¬ 
ministered  one  hour  postburn.  Results  referred  to  as  post- 
Hydralazine  were  recorded  15-20  minutes  following  admlnistra 
tion  of  the  drug.  Phenoxybenzamlne  (Dibenzyl ine)  was  ad¬ 
ministered  in  doses  of  i  mg/kg  or  5  mg/kg  one  hour  prior 
to  burning.  Denervations  were  accomplished  by  sectioning 
of  the  sciatic  nerve  high  in  the  leg. 

Resu 1 ts 


The  first  two  tables  demonstrate  the  responses  obtained 
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in  the  burned  as  opposed  to  the  unburned  control  extremity 
(Tables  1  and  2).  Following  burning,  the  pressure  gradient 
from  large  to  small  artery  of  the  injury  extremity  in¬ 
creased,  the  small  artery  -  small  vein  gradient  decreased 
and  the  gradient  between  small  vein  and  large  vein  is 
markedly  increased,  In  the  unhurried  extremity,  there  is 
a  general  depression  of  pressure  at  all  points  measured. 

This  change  is  compatible  with  decreased  flow  through  the 
unburned  area.  Hydralazine  appeared  to  reduce  all  pres¬ 
sures  on  the  arterial  side  of  the  circulation  while  having 
only  a  small  effect  on  the  venopressor  response  of  the 
burned  extremity.  Vasodilatation  and  increased  flow  are 
suggested  in  the  control  extremity  by  the  decreased  arterial 
ana  increased  venous  pressures. 

The  animals  pretreated  with  phenoxybenzamine  were  so 
treated  in  attempt  to  abolish  the  vasoconstrictor  responses 
due  to  circulatory  catecho’amines  and  possibly  at  high  doses 
to  inhibit  any  neurogen ical ly  mediated  constriction.  As  can 
be  seen  in  Table  3,  there  is  actually  a  decrease  in  large 
artery  oressure  following  burn  but  an  increase  in  both 
small  artery  and  smal1  vein  pressure.  Again,  if  mean  cap¬ 
illary  pressure  is  calculated  as  the  mean  cf  small  artery 
and  small  vein  pressures,  then  there  is  a  marked  increase 
in  this  pressure.  The  gradient  ^rom  small  vein  to  large 
vein  is  greatly  increased. 

An  attempt  was  made  to  abolish  this  venopressor  re¬ 
sponse  by  dar.ervat ion.  Since  It  is  known  that  the  pew  is 
innervated  primarily  through  the  sciatic  nerve,  it  was 
decided  to  section  this  nerve  rather  than  to  attempt  to 
acutely  denervate  the  entire  extremity.  Consequently, 
only  pressures  in  the  small  arteries  and  small  veins  were 
recorded  in  this  experfcient.  following  denervation,  small 
artery  pressure  is  reduced  and  small  vein  pressure  Is 
returned  to  control  levels  (Table  4).  Although  the  amount 
of  data  recorded  following  the  administration  of  atropine 
and  propanolol  Is  not  evident  from 

the  few  experiments  performed  that  neither  ttropln*  nor 
oropaiwloi  had  ?ny  significant  effect  on  the  pressures 
reciyrdeti  m  the  small  vessels.  In  order  to  eliminate 
the  possibility  of  this  pressure  change  being  due  to 
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muscle  contractions,  a  few  animals  were  studied  in  which 
the  muscle  contractions  were  blocked  by  the  administration 
of  curare.  Results  in  these  animals  were  similar  to  tnose 
in  the  non-curar ized  animal.  A  series  of  four  animals  was 
examined  in  which  small  muscular  arteries  and  small  muscular 
veins  were  studied  along  with  the  cutaneous  small  veins  in 
situations  similar  to  the  above.  Following  burning,  there 
was  a  small  decrease  in  muscle  arterial  pressure,  which 
decreased  further  with  the  administration  of  Hydralazine 
(Table  5).  Small  venous  pressure  increased,  but  the  mag¬ 
nitude  of  increase  was  not  nearly  that  seen  in  the  cutaneous 
small  veins.  The  adminstration  of  Hydralazine  was  without 
effect  on  the  muscle  small  veins.  Again,  in  all  these  in¬ 
stances,  the  cutaneous  small  venous  pressure  was  markedly 
increased. 


Interpretation  of  the  above  results  is  extremely  dif¬ 
ficult  because  there  was  no  control  of  flow  to  the  studied 
extremity.  However,  since  the  circulation  to  the  dog's 
hiridpaw  is  known  to  be  primarily  distributed  to  skin  and 
associated  structures,  the  changes  seen  in  the  small 
vessels  in  these  experiments  reflect  the  changes  seen  in 
the  skin  of  the  burned  extremity.  In  light  of  the  recent 
paper  by  Abboud  and  Eckstein,’  the  results  of  pressure 
studies  in  our  experiments  become  more  significant.  Quite 
similar  to  the  changes  seen  in  Abboud's  study,  under 
sympathetic  stimulation,  there  was  a  marked  constriction 
of  the  venous  segments  whereas  small  vessel  segment 
usually  dilated.  It  is  believed  that  due  to  arterial 
constriction  there  occurred  a  shunt  of  blood  from  the 
skin  into  the  muscle.  The  results  following  drug  ad¬ 
ministration  suggest  that  Dibenzyiine  acts  primarily  on 
the  large  arterial  segment  with  no  effect  on  the  vencus 
segment.  Hydralazine,  which  is  known  to  act  directly 
on  smooth  muscle,  appears  to  have  its  effect  primarily  in 
the  small  vessel  segment  in  our  experiments. 


In  order  that  the  studies  may  become  significant  as 
far  as  alterations  in  blood  flow  through  the  various 
tissues  in  burned  extremities  are  concerned,  it  is  necessary 
that  they  be  repeated  using  more  refined  techniques,  such 
as  described  by  Abboud  and  Eckstein,  In  which  the  circula¬ 
tion  through  the  extremity  is  one  of  controlled  flow.’ 
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Furthermore,  it  would  be  necessary  to  control  separately 
the  flow  through  muscle  and  the  flew  through  skin  under  our 
experimental  conditions.  It  is  quite  possible  that  under 
these  conditions  the  mechanism  of  edema  formation  might 
be  explained,  since  there  appears  to  be,  even  ir.  our  ex¬ 
periments,  evidence  to  indicate  significant  elevation  of 
the  mean  capillary  pressures.  Should  this  be  the  case,  it 
is  quite  possible  that  by  abolishing  the  venopressor 
response,  and  hence  the  marked  elevation  of  the  mean 
capillary  pressure,  that  some  part  of  the  mechanism  for 
the  formation  of  edema  might  be  abolished. 
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Endotoxin,  carbohydrate  metabol  I sm,  .Euudanonis  -SPrualnpift 


'(U)  Tech  Objective  -  Since  Infection  by  gram  negative  organisms  Is  a  major  problem  In 
burn  therapy,  work  Is  In  progress  In  this  laboratory  to  elucidate  the  mechanism  by 
which  death  occurs  In  experimental  Pseudomonas  Infection. 

(U)  Approach  -  Reports  in  the  literature  Indicate  that  the  carbohydrate  stores  of 
animals  suffering  from  endotoxemla  are  depleted.  Our  previous  work  has  shown  a  similar! 
"carbohydrate  depletion  occurs  In  Pseudomonas  Infected  rats.  There  Is  evidence  that  th«| 
cause  of  this  depletion  Is  a  dec rested  rate  of  gluconeogenesls.  The  liver  enzymes 
responsible  for  synthesizing  glucose  from  protein  and  glycolytic  pathway  intermediates 
may  be  Impaired.  The  following  work  expands  and  confirms  these  observations. 

(U)  Progress  (Jul65-Jun  b6 )  -  The  capacity  of  surviving  liver  slices  to  produce  glucose| 
from  2-C  4  pyruvic  acid  in  vitro  was  studied.  Isolation  and  determination  of  the 
specific  activity  of  glucose  In  the  medle  surrounding  liver  slices  after  a  2  hour  lncu-1 
Jiatlon  with  2-C14  pyruvic  acid  was  employed  as  the  technique  for  determining  the  extent) 
of  glucogenesis.  Liver  slices  from  rats  Infected  with  Pseudoawnes  aeruginosa  produced 
only  about  65%  the  amount  of  glucose  produced  by  norma*,  liver  slices.  Glucogenesis 
In  liver  slices  from  rats  Injected  with  E.  coll  endotoxin  was  also  found  to  be 
significantly  impaired.  However,  endotoxin  added  to  the  me-.1 1  a  of  control  liver  slices 
had  no  effect. 
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ABSTRACT 
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INFECTION 

3.  US  Army  Surgical  Research  Unit,  Brooke  Army  Medical  Center, 
Fort  Sam  Houston,  Texas 

4.  Period  covered  in  this  report:  1  July  1965  to  30  June  1966 

5.  Investigators:  Kathryn  F.  LaNoue,  Ph.D. 

Arthur  D.  Mason,  Jr.,  M.D. 

6.  Reports  Control  Symbol:  RCS-MEDDH-288(R1 ) 


The  capacity  of  surviving  liver  slices  to  produce  glucose 
from  2 -C1 2  ^-pyruvic  acid  ijn  vitro  was  studied.  Isolation  and 
determination  of  the  speciFic  activity  of  glucose  in  the  media 
surrounding  liver  slices  after  a  two-hour  incubatlr  with  2-C,i+- 
p>ruvic  acid  was  employed  as  t^e  technique  for  determining  the 
extent  of  glucogenesis.  Liver  slices  from  rats  infected  with 
Pseudomonas  aeruginosa  produced  only  about  65  per  cent  of  the 
amount  of  glucose  produced  by  noma)  liver  slices.  Glycogenesis 
in  liver  slices  from  rats  injected  with  E.  col i  endotoxin  was 
also  found  to  be  significantly  impaired.  However,  endotoxin 
added  to  the  media  of  control  liver  slices  had  no  effect. 


(1)  Endotoxin  (3)  Pseudomonas  aeruginosa 

(2)  Carbohydrate  metabolism 
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METABOLIC  STUDIES  OF  PSEUDOMONAS  AERUGINOSA  INFECTION 

We  have  shown  in  previous  reports,  that  animals  suf¬ 
fering  from  a  fatal  gram  negative  infection  die  with  depleted 
carbohydrate  stores.  This  depletion  is  manifested  by  low 
blood  sugar  levels  and  greatly  diminished  glycogen  levels  in 
the  liver  and  muscle.  In  vivo  studies  have  indicated  that 
the  cause  of  the  hypoglycemia  is  a  failure  of  glucogenesis. 
The  rats  studied  showed  a  diminished  capacity  in  vivo  to 
synthesize  glucose  from  such  precursors  as  pyruvic,  fumaric 
and  aspartic  acids.  Since  the  liver  is  the  chief  site  of 
glucogenesis  in  vitro,  studies  of  rat  liver  tissue  were  be¬ 
gun  in  order  to  find  a  more  specific  metabolic  lesion. 

Materials  and  Methods 


Male,  Sprague-Dawley ,  albino  rats  (200  gm  -  300  gm)  were 
given  unlimited  access  to  food  and  water  until  24  hours  be¬ 
fore  the  experiment,  when  they  were  deprived  of  pellets  but 
permitted  to  drink.  They  were  killed  after  the  24-hour  fast 
by  a  blow  on  the  head,  followed  by  exsanguination.  The  , 

livers  were  quickly  removed  and  placed  in  a  slightly  modified, 
ice-cold  Krebs-Ringer  bicarbonate  solution.  A  block  of  tissue 
was  cut  from  the  liver  and  sliced  with  a  Stadie-Riggs  tissue 
slicer.  The  slices  (0.4  -  0.5  mm  in  thickness)  were  suspended 
in  the  Krebs  solution  and  then  two  were  placed  in  each  Warburg 
vessel.  The  tissue  used  in  each  flask  weighed  between  100  - 
250  mg  wet  weight  and  1 5  to  40  mg  dry  weight. 

The  Warburg  vessels  each  contained  2.5  ml  of  Krebs  Ringer 
bicarbonate  or  Krebs  Ringer  phosphate  with  added  glucose 
(100  mg  per  cent)  and  sodium  pyruvate  (10  nt\) .  The  side  arm 
of  the  vessel  held  0.5  ml  of  the  same  solution  plus  0.25  pc 
of  2-C^-pyruvate.  The  vessels  were  incubated  for  10  minutes 
and  gassed  with  100  per  cent  0£  or  95  per  cent  02*5  per  cent  CO2 
gas  mixture.  Then,  the  solution  in  the  side  arm  with  the 
2-C^-pyruvic  acid  was  tipped  into  the  main  vessel  and  the 
reaction  allowed  to  continue  for  two  hours.  Measurements  of 
oxygen  utilization  were  made  when  the  media  was  Krebs  Ringer 
phosphate. 

At  the  end  of  the  experiment,  the  tissue  slices  were 
quickly  removed  and  placed  on  copper  planchets.  These  were 
dried  overnight  in  a  vacuum  dessicator  and  weighed  the  next 
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day.  A  two  ml  aliquot  was  taken  from  the  reaction  vessel,  de 
D'oteinized  with  0.6  ml  BaOH  followed  by  0.4  ml  ZnSO^.  The 
protein-free  filtrate  was  first  analyzed  for  glucose  by  the 
Nelson  technique.  Then,  a  two  ml  aliquot  was  removed,  and 
4  mg  of  carrier  glucose  was  added  together  with  48  mg  phenyl - 
hydrazine  hydrochloride  and  4l  mg  of  sodium  acetate.  Phenyl - 
glucosazones  were  prepared  by  placing  the  tubes  on  a  boiling 
water  bath  for  2-3  hours. 5  The  crystals  were  collected  by 
centrifugation,  washed  with  water  and  ether,  and  then  recry¬ 
stallized  five  ‘imes  with  30  per  cent  ethanol.  The  purified 
glucosazones  were  plated  on  tared  copper  planchets,  weighed 
and  counted  in  a  Nuclear,  Chicago  Model  183  Scaling  Unit.  The 
specific  activity  of  the  glucose  in  the  media  at  the  end  of 
the  two-hour  experiment  was  calculated  from  the  specific 
activity  of  the  glucosazone  by  the  formula: 


media  glucose*  =  glucosazone*  X 


Hw( glucosazone) 
Mw( glucose) 


X 


mg  carrier  glucose  *  mg  media  glucose 
mg  media  glucose 


* 


The  specific  activity  of  the  media  glucose  is  multiplied  by 
the  total  amount  of  glucose  in  the  flask  to  obtain  the  total 
cpm  transferred  from  pyruvate  to  glucose, 

A  b.ank  vessel  from  which  the  slices  had  been  omitted  was 
processed  with  etch  experiment  in  order  to  check  on  the 
completeness  of  separation  of  the  C^-g;ucose  from  the  2-C**4- 
pyruvate.  In  each  case  the  blank  vessels  produced  glucosazone 
samples  only  a  few  (3-5)  cpm  abcve  background  (approximately 
16  cpm) . 

The  Walker  technique^  was  used  to  produce  infected  rats. 

The  animals  were  seeded  with  Pseudoronas  aeruginosa.  $RU  strain 
12-4-4(59),  beneath  a  20  percent  spli t -thickness  skin  graft. 

The  animals  were  studied  on  the  second  day  postgraft. 

The  endotoxin  used  was  1 Ipopolysaccharide  W  from  E.  col i 
01H:B4,  commercially  available  from  Difco  Laboratories. 

Results 


<* 


Experiments  were  carried  out  in  phosphate  media  in  order 
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that  the  oxygen  uptake  of  the  surviving  liver  slices  could  be 
measured.  In  this  way  the  general  viability  of  the  tissue  is 
determined  and  can  be  compared  with  the  more  specific  process 
of  glucogenesis. 

Measurements  were  made  on  liver  slices  from  infected  rats 
and  liver  slices  from  control  rats.  One  set  of  experiments 
using  liver  slices  from  control  rats  was  carried  out  with  endo¬ 
toxin  added  to  the  media  (0.2  mg/3  ml).  The  endotoxin  was 
initially  placed  in  the  side  arm  of  the  vessel  and  added  to 
the  liver  slices  with  the  2-C^-pyruvic  acid.  The  results 
of  these  three  sets  of  experiments  are  shown  in  Table  1,  and 
a  statistical  analysis  of  the  results  are  shown  in  Table  2. 

The  media  glucose  concentration  at  the  start  of  the  experi¬ 
ment  ».  .  100  mg  per  cent.  All  normal  liver  slices  and  most 
of  toe  in^cted  liver  slices  caused  an  increase  in  this  con- 
centrat'on  during  the  two  hour  course  of  the  experiment.  The 
final  -.lu  ose  concentrations  are  recorded  in  Table  !.  The 
amount  of  glucose  required  to  raise  the  3  ml  of  media  to  the 
measured  amount  is  calculated,  divided  by  the  dried  weight  of 
the  liver  tissue  and  recorded  in  Table  1  under  the  heading, 
"Glucose  Added  to  the  Media,  pmoles/mg".  When  the  glucose 
concentration  was  lower  than  103  mg  per  cent,  no  calculation 
was  made.  The  amount  of  glucose  added  to  the  media  during 
the  course  of  the  experiment  represents  a  combination  of  the 
effects  of  glycogenolysis,  glucogenesis,  and  glucose  utiliza¬ 
tion.  Glucogenesis  is  more  accurately  measured  by  deter¬ 
mining  the  cpm  of  carbon  14  incorporated  into  the  glucose  in 
each  flask.  1his  ii  divided  by  the  total  cpm  initially  added 
to  the  flask  as  2-C^-pyruvate.  The  percentage  is  then  divided 
by  the  weight  A  dry  tissue  and  recorded  in  Table  1.  The  per 
cent  of  total  cpm  transferred  is  equal  to  the  per  cent  of 
sodium  pyruvate  in  flask  converted  to  glucose.  This  value 
in  umoles  is  divided  by  two  in  order  tc*  obtain  the  pntoles  of 
c1**.giucose  synthe  ized. 

The  values  obtained  for  Q*  in  this  set  of  experiments 
agree  welt  with  literature  vetoes  and  the  Qq  's  of  the  infected 
livers  do  not  differ  significantly  from  tho$i  of  normal  livers. 
The  infected  livers,  however,  produced  significantly  less 
glucose  in  two  hours  then  the  normal  livers.  In  vivo  studies 
have  indicated  that  glucose  production  in  the  t&ofe  animal 
is  reAiced  to  about  half  normal.  The  liver  slices  from  in¬ 
fected  rats  appear,  from  the  data  in  Table  1,  to  synthesize 


Evaluation  of  Glucogenesis  and  Oxygen  Uptake  in  Rat  Liver  Sli 
(Krebs-Ringer-Phospho ;  e) 


Control  Rats  with  Endotoxfn  In  Media  (0.2  mg/3  ml) 
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glucose  at  64.0  per  cent  of  the  normal  rate.  Endotoxin  added 
to  the  media  has  no  effect. 

Since  it  has  been  suggested  that  endotoxin  may  be  a  factor 
in  the  pathogenesis  of  gram  negative  infection,  the  effects 
of  endotoxemia  on  glucogenesis  are  of  interest.  It  is  known 
that  endotoxin  when  injected  into  an  animal  may  create  severe 
hypoglycemias.  It  is  likely  that  failure  of  the  liver  gluco¬ 
genic  enzymes  is  the  cause. 

A  sample  of  E.  col i  endotoxin  was  injected  intravenously 
into  a  series  ofTasted  rats.  Amounts  of  endotoxin  varying 
from  0.1  mg/100  gm  body  weight  to  5  mg/100  gm  of  body  weight 
were  given.  Blood  sugars  were  followed  for  a  period  of  eight 
hours.  Severe  hypoglycemias  occurred  in  all  rats  given  over 
0.5  mg/100  gm  body  weight.  The  hypoglycemias  do  not  occur 
initially  but  rather  about  three  hours  after  injection.  The 
appropriate  LO50  for  the  sample  of  endotoxin  was  1  mg/100  gm 
body  weight.  Death,  when  it  occurred,  v.as  at  about  four  hours 
after  injection,  irrespective  of  dose. 

The  livers  of  five  groups  of  animals  were  studied.  The 
first  group  were  control  animals  and  the  second  were  controls 
whose  liver  slices  were  studied  in  media  containing  0.2  mg 
end',*‘oxin/3  ml  media.  The  endotoxin  in  these  experiments  was 
added  to  the  main  chamber  of  the  Warburg  vessel.  Therefore, 
the  liver  slices  were  pre-incubated  with  endotoxin  for  about 
15  minutes  before  the  start  of  the  experiment.  The  third 
group  was  made  up  of  infected  rats.  A  fourth  consisted  of 
rats  given  an  intravenous  injection  of  1  mg/100  gm  body 
weight  endotoxin  four  hours  before  sacrifice.  The  last  group 
received  2  mg/100  gm  body  weight  four  hours  before  sacrifice. 
The  results  are  shown  in  Table  3.  A  statistical  analysis  of 
the  results  is  shown  in  Table  4, 

There  is  no  statistically  significant  affect  of  endotoxin 
added  to  the  media.  The  infected  and  endotoxin  treated 
groups  are  different  from  both  control  groups.  The  infected 
rats'  liver  slices  synthesize  glucose  at  67  per  cent  of  the 
normal  rate,  in  good  agreement  with  the  results  in  phosphate 
buffer. 

Apparently  the  1  mg  dose  of  endotoxin  aiimics  the  effect 
of  infection  wherees  the  larger,  2  mg,  dose  produces  a  still 
more  extreme  reduction  in  the  rete  of  glycogenesis.  All 
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animals  in  this  group  were  moribund,  and  it  may  be  that  if 
the  infected  animals  were  sacrificed  at  a  similarly  moribund 
stage,  “heir  results  would  have  been  closer  to  the  2  mg 
dosage  group. 

Discussion 


Pseudomonas  infection  and  endotoxemia  both  apoear  to 
reduce  the  ability  of  the  liver  to  synthesize  glucose  from 
pyruvate.  This  may  be  due  to  any  one  of  a  number  of  factors. 
Some  of  the  more  obvious  possibilities  are  failure  in  the 
synthesis  of  certain  key  enzymes  in  the  pathway  of  reverse 
glycolysis,  inhibition  of  one  or  all  of  these  enzymes  by  a 
factor  whose  release  is  mediated  by  endotoxin  or  stress,  or 
deficiency  of  a  necessary  cofactor.  It  is  obvious  from  the 
results  shown  here  that  endotoxin  itself  does  not  inhibit 
the  glucogenic  enzymes. 

7 

We  plan  tr  assay  certain  pertinent  enzymes,'  such  as 
glucose-6-phosphatase,  fructose-1 ,6-di phophetase,  and  phos- 
phopyruvate  carboxykinase,  under  optim-1  conditions  in 
order  to  further  distinguish  between  these  possibilities. 
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Protein,  burn,  trauma,  turnover _ 

*tU)  Tech  Objective  -  To  determine  the  causa  of  the  dysproteinamla  observed  following 
burn  Injury  and  to  determine  If  the  more  marked  dysproteinamla  seen  In  the  presence  of 
Infection  of  the  burn  wound  Is  an  effect  of  Infection  Itself  or  awrely  the  result  of 
the  combination  representing  a  more  severe  Injury.  It  Is  hoped  that  this  will  aid  In 
understanding  similar  changes  which  are  observed  In  the  human  bum  patients, 

.  )4 

yl)  Approach  -  Clyclne-2-C  Is  Injected  Into  control,  burned,  and  burned  Infected  rats 
(using  a  20%  burn  or  a  20%  bum  which  has  been  seeded  with  Pseudomonas  espial  nose)  on 
the  6th  day  after  Injury,  Blood  samples  ara  drawn  and  the  asxMint  of  C|If  Incorporated 
Into  the  scrum  protein  fractions  Is  determined  by  a  combination  of  paper  electrophoresis 
and  liquid  scintillation  counting  technics.  The  next  step  will  be  to  Injoct  purified 
serum  protein  fractions  which  are  labelled  with  C1*  Into  each  of  the  animal  models  and 
measure  their  rate  of  disappearance  from  the  blood  to  obtain  turnover  rates.  The  major 
problem  Is  preparation  of  purified  protein  fractions  with  high  specific  activity  for 
Reinjection. 

(U)  Progress  (Jul  65-May  66)  -  Preliminary  results  Indicate  that  both  the  burned  end 
burned  Infected  animals  are  capable  of  synthesising  all  five  serum  protein  fractions  at 
rates  greater  than  those  of  the  control  animals.  Since  albumin  end  gamma  globulin 
concentrations  mere  not  increased,  this  Implies  that  there  was  a  sore  rapid  turnover 
of  these  proteins  In  the  injured  animals.  Turnover  studies  will  be  required  to  confine 
this.  These  studies  are  being  planned. 


trauma. 


1r»  COMMCATiONI  WCuerTv 


VCIM.  tlUiNWNT 


36- i 


ANNUAL  PROGRESS  REPORT 


PROJECT  NO.  3A0I4501B71R,  RESEARCH  IN  BIOMEOICAL  SCIENCES 


REPORT  TITLE:  STUDIES  OF  PROTEIN  TURNOVER  IN  BURN  INJURY 


US  ARMY  SURGICAL  RESEARCH  UNIT 
BROOKE  ARMY  MEDICAL  CENTER 
FORT  SAM  HOUSTON,  TEXAS 


1  July  1965  to  30  June  1966 


Investigators : 

Wanda  L.  Brown,  M.S. 

J.  Wesley  Alexander,  Captain,  MC 
Eleanor  G.  Bowler,  Ph.M. 

Arthur  0.  Mason,  Jr.,  M.D. 


The  principles  of  laboratory  animal  care  as  established  by 
the  National  Society  for  Medical  Research  were  observed 
(AR  70-18,  dated  29  March  1963). 


Reports  Control  Sywfcoh  RCS-MEDCH-288(R1) 
UNCLASSIFIED 


Qualified  requesters  may  obtain  copies  of  this  report  from  DOC. 


36-  i  i 


ABSTRACT 
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The  incorporation  of  glycine-2-C^  into  the  serum  protein 
of  control,  burned,  and  burned-infected  rats  was  studied 
utilizing  paper  electrophoresis  for  separation  of  the  protein 
fractions,  and  liquid  scintillation  technics  for  counting. 

The  amount  of  radioactivity  incorporated  into  all  of  the  serum 
protein  fractions  by  the  burned  and  burneo'-infected  animals 
was  greater  than  that  incorporated  by  the  control  animals. 

The  increased  incorporation  paralleled  a  corresponding 
increase  in  the  circulating  levels  of  the  alpha-2  and  beta 
globulin.  The  inci  :ased  incorporation  of  C**  into  the 
albumin  and  gamma  globulin  in  the  presencecf  decreased  or 
normal  serum  concentrations  would  indicate  a  more  rapid 
turnover  of  these  proteins  in  the  injured  animals.  Further 
studies  will  be  required  to  confirm  this. 


(1)  Protein 

(2)  Trauma 


( 3)  Burn 

(4)  Turnover 
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STUDIES  OF  PROTEIN  TURNOVER  IN  BURN  INJURY 


The  serum  protein  changes  which  occur  in  man  following 
burn  injury  have  been  well  documented  by  several  groups  of 
investigators J "3  There  is  a  progressive  decrease  in  the  al¬ 
bumin,  an  increase  in  the  alpha-1  and  alpha-2  globulins,  and 
either  no  change  or  a  slight  increase  in  the  beta  and  gamma 
globulin  concentrations.  These  changes  are  not  specific  for 
burn  injury,  but  are  observed  in  many  kinds  of  trauma,  in 
malignancy,  and  in  acute  infections.^ 

In  rats  which  were  burned  over  20  per  cent  of  the  body 
surface,  serum  protein  changes  similar  to  those  in  man  occurred 
except  that  there  w.s  essentially  no  increase  in  the  alpha-1 
globulin  concentration. 5  When  a  similar  burn  injury  was  seeded 
with  Pseudomonas  aeruginosa  immediately  after  burning, the  depres¬ 
sion  of  the  albumln7  and  the  elevation  of  the  alpha-2  globulin 
concentrations  in  the  serum  were  more  marked  than  those  ob¬ 
served  in  the  animals  *rfiich  had  received  only  burn  injury, 5 

The  decrease  in  the  serum  protein  concentrations  following 
burn  injury  have  been  attributed  to  loss  of  protein  into  or 
from  the  burn  wound, increased  catabolism,®*'”  or  to  de¬ 
creased  synthesis  of  albumin  The  increase  in  the  concen¬ 
tration  of  the  alpha  globulin  is  in  part  due  to  the  increased 
synthesis  of  glycoproteins  which  occurs  after  injury, 12 

The  availability  of  a  reproducible  animal  model  for  burn 
and  burn  infection  has  enabled  us  to  study  the  O**  incorpora¬ 
tion  into  serum  protein  in  an  attempt  to  explain  the  more 
marked  protein  changes  which  occur  in  the  presence  of  bum 
Injury  plus  infection  when  compared  to  those  seen  in  burn 
injury  alone.  A  preliminary  report  of  the  results  is  given. 

Methods  and  Materials 


Young,  healthy  Sprague-Dewlay  rats  weighing  100  to  200  gm 
were  used  throughout  this  experiment.  One  group  sms  subjected 
to  a  full -thickness  burn  of  20  per  cent  of  the  body  surface 
by  placing  the  rats  in  a  fixed-area  shield  and  immersing  in 
water  at  100o  C  for  10  seconds.  Another  group  was  given  the 
sane  bum  injury;  then  the  burned  area  was  immediately  seeded 
with  0.1  ml  of  an  l 8 -hour  broth  culture  of  Pseudomonas  ctru- 
qlnosa  (SRU  12-4-4-(59)  by  tha  tachnic  deva toped  by  i&lkar, 
at  aK 13  The  animals  were  then  housed  in  Individual  cages 
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and  given  Raulston  Chow  and  water  ad  libitum  until  they  were 
injected  on  the  sixth  day  postburn.  Control  rats  wer®  of 
equivalent  size  and  age. 

Twenty  microcuries  of  glycine-2-C^  (specific  activi  ty 
21-22  MC/mM)  in  0.5  ml  of  saline  was  injected  into  the  tail 
vein  of  each  rat.  Two  and  one-half  hours  after  the  injection 
the  rats  were  exsanguinated  by  cardiac  puncture.  The  serum 
was  separated  and  stored  at  4°  C. 

Total  radioactivity  in  the  serum  was  determined  by  placing 
0.05  m!  of  serum  in  one  ml  of  saline  in  a  counting  vial. 
Fourteen  ml  of  Bray's  scintillator  solution  was  added  and 
the  samples  were  counted  in  a  Packard  Tricarb  Liquid  Scintilla¬ 
tion  Counter, 

The  radioactivity  which  was  incorporated  into  the  protein 
was  determined  on  a  serum  sample  after  passage  through  a 
Sephadex  G-25  column  ( i  x  !0  cm)  which  was  equilibrated  with 
0.15  M  saline.  The  fraction  from  the  column  containing  the 
protein  was  collected,  and  the  protein  concentration  was  de¬ 
termined  by  a  biuret  procedure, <4  A  volume  of  the  eluate  con¬ 
taining  protein  approximating  the  amount  contained  in  0.05  ml 
of  the  untreated  serum  was  added  to  enough  saline  in  a  counting 
volume  to  give  a  total  volume  of  1.05  ml.  Fourteen  ml  of 
Bray's  solution  was  added  and  the  samples  counted  as  before. 
Background  corrections  were  made  by  subtracting  the  counts 
measured  on  samples  containing  1.05  ml  of  saline  and  14  ml 
of  Bray's  solution.  The  radioactivity  of  the  samples  con¬ 
taining  only  protein-incorporated  C**4  was  converted  to  c.p.m. 
per  ml  of  serum  by  using  the  ratios  of  the  protein  concentra¬ 
tions  of  the  treated  and  untreated  serum.  A  standard  solution 
of  C,f4  was  then  added  to  all  the  vials  and  they  were  recounted 
to  test  for  quenching.  None  was  observed  in  these  samples. 

To  determine  the  amount  of  radioactivity  in  the  different 
protein  fractions,  the  serum  fractions  were  separated  by 
electrophoresis  on  S  and  S  2Q43A  mgl  paper  strips  in  barbital 
buffer,  pH  8.6,  0,075  1o**ic  strength,  et  a  constant  currant 
of  3.5  me  per  tank  in  «  Spinco  Electrophoresis  Apparatus. 

The  use  of  this  higher  current  was  required  to  accomplish 
complete  separation  of  the  elbuein  and  alpha-1  globulin  in 
rat  serum.  Papers  moistened  with  buffer  were  pieced  inside 
the  ends  of  the  cover  of  the  tanks  to  prevent  drying  of  the 
electrophoresis  strips  during  thr  run  due  to  the  heat  generated 


by  the  higher  current. 

Four  electrophoresis  strips  were  prepared  for  each  serum 
sample.  Ten  microliters  of  serum  were  placed  on  one  strip 
and  20  microliters  of  serum  on  each  of  the  other  three.  After 
the  separation  was  completed,  the  strips  were  dried  in  an 
oven  at  110-120°  C  for  30  minutes.  The  strip  with  10  micro¬ 
liters  of  serum  andoneof  the  strips  with  20  microliters 
were  stained  with  alcoholic  bromphenol  blue  by  Spinco  Pro¬ 
cedure  BJ5  The  10  microliter  strip  was  scanned  in  a  Spinco 
Analytrol  integrating  densitometer  and  the  percentage  of 
protein  in  each  fraction  was  determined.  The  concentrations 
of  protein  were  determined  by  multiplying  the  percentages 
by  the  total  protein  concentration  of  the  serum. 

After  they  had  been  washed  to  remove  unincorporated 
radioactive  compounds,  the  other  two  strips  from  each  sample 
were  used  to  measure  the  radioactivity  of  each  protein  frac¬ 
tion.  The  strips  were  rinsed  in  absolute  methanol  six 
minutes  to  remove  residual  buffer.  They  were  then  trans¬ 
ferred  to  5%  acetic  acid  for  15  minutes;  0.002%  nigrosin 
in  2%  acetic  acid  for  15  minutes;  followed  by  three  15  minute 
rinses  in  2%  acetic  acid.  The  strips  were  blotted  between 
paper  towels  and  dried  in  an  oven  at  110-120°  C  for  30 
minutes.  This  dilute  nigrosin  penetrates  only  the  thinner 
areas  of  the  protein  on  the  strip,  but  was  dark  enough  to 
demarcate  the  margins  of  the  bands  without  interfering  with  ' 
the  Kinti llation  counting  as  the  bromphenol  blue  did.  These 
strips  were  aligned  with  the  20  microliter  strips  which  had 
been  stcined  with  brcmphenol  blue;  the  fractions  were  de¬ 
lineated  and  then  cut  epert.  The  paper  containing  each  frac¬ 
tion  was  placed  in  a  counting  vial  and  10  ml  of  toluene 
scintillation  solution  was  added.  The  samples  were  counted 
in  a  Packard  Tricarb  Liquid  Scintillation  Counter.  Portions 
of  the  peper  strips  containing  no  radioactivity  end  which 
had  bean  treated  in  the  same  way  were  used  for  beckground 
measurement.  After  correction  for  background,  the  counts 
obtained  from  the  five  fractions  of  each  strip  were  totalled 
and  the  percentage  of  counts  present  in  each  fraction  waa 
calculated.  These  results  were  converted  to  c.p.m  per  ml 
of  serum  for  each  fraction  by  multiplying  the  percentages 
by  the  total  protein  c.p.m.  per  ml  of  serum  which  had  been 
previously  determined.  The  specific  activity  of  the  protein 
fractions  was  determined  by  dividing  the  c.p.m.  pei  ml  by 
che  concentration  in  mg  per  ml  of  protein  In  each  fraction. 
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An  additional  calculation  was  made  to  correct  for  dif¬ 
ferences  in  weights  of  the  animals.  This  calculation  is:^ 

Relative  specific  activity  =  SifLJil-BEI  i£2jS9— E£^j£i!2. 

c.p.m.  injected  per  gm  wt 


Results 


The  mean  concentrations  of  the  serum  protein  fractions 
in  the  control,  burned,  and  burned-infected  groups  are  shown 
in  Table  1.  The  decrease  in  albumin  concentration  and  the 
increase  in  alpha-2  concentration  were  more  marked  in  the 
burned-infected  animals  than  in  those  having  burn  injury 
alone.  The  alpha-1  and  beta  globulin  concentrations  in  the 
burned  animals  were  essentially  the  same  as  those  of  the 
controls  while  the  concentrations  of  both  of  these  fractions 
were  nearly  doubled  in  the  burned  infected  animals.  There 
was  no  significant  difference  between  the  gamma  globulin 
concentrations  of  the  three  groups.  These  results  agree 
with  one  observed  previously  in  this  laboratory  using  the 
same  animal  model.? 

The  mean  relative  specific  activities  of  the  serum  pro¬ 
teins  of  the  three  groups  are  shown  in  Table  2.  The  amount 
of  radioactivity  incorporated  into  all  of  the  serum  protein 
fractions  by  the  burned  and  burned- infected  animals  was 
greater  than  that  incorporated  by  the  control  animals.  The 
relative  specific  activity  of  all  of  the  serum  protein  frac¬ 
tions  except  that  of  the  alpha-i  globulin,  was  higher  In 
the  burned- infected  animals  than  in  those  with  burn  injury 
only.  Results  of  a  few  experiments  in  which  blood  samples 
were  drewn  during  the  first  hour  after  glycine-2 -C***  Injec¬ 
tion  indicate  that  these  differences  may  be  even  greater. 

The  increased  incorporation  into  the  alpha-2  #nd 
beta  globulin  fractions  paralleled  a  corresponding  increasa 
in  tht  circulating  levels  of  these  fractions  in  the  serum 
of  the  burned  and  burned-inf ectad  rats.  However,  although 
the  relative  specific  activities  of  the  alpha-1  globulins 
were  similar  in  the  burned  and  burned- infected  rats,  the 
serum  concentration  of  this  fraction  in  the  bumed-infected 
rets  was  twice  that  of  those  which  were  only  burned. 

The  increased  rate  of  incorporation  of  C*4  into  the 
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albumin  and  gamma  globulin  fractions  in  both  injured  groups 
iri  the  presence  of  normal  or  decreased  concentrations  of  serum 
protein  probably  indicates  a  more  rapid  turnover  of  these 
fractions.  This  has  been  shown  to  occur  in  burned  humans 
using  disappearance  rates  of  injected  l'31  labelled  albumin 
and  gamma  globulin. 9» 10  D?vies  also  noted  increased  catabol¬ 
ism  of  gamma  globulin  in  one  of  these  patients  during  a  period 
of  Pseudomonas  septicemiaJ® 

Whether  the  more  marked  changes  in  the  serum  protein 
concentrations  in  the  animals  in  which  infection  was  super¬ 
imposed  upon  burn  injury  are  caused  by  the  infection,  or  are 
merely  a  result  of  the  combination  representing  a  more  severe 
injury,  cannot  be  determined  from  these  studies.  These  studies 
do  show  that  at  this  point  all  of  the  animals  are  still 
capable  of  synthesizing  protein  at  a  rapid  rate. 

We  plan  to  complete  the  studies  of  the  rate  cf  C*11  incorpor 
ation  during  the  first  hour  after  gl ycine-2-Cl**  injection  at 
which  time  the  rate  of  incorporation  is  maximal,  and  to  study 
turnover  rates  of  some  of  the  fractions  in  an  attempt  to 
determine  if  the  differences  observed  in  the  burned  and  burned- 
infected  animals  are  a  result  of  a  different  mechanism  or 
merely  an  enhancement  of  a  similar  one. 

Summary 

The  incorporation  of  glycine-2-C^  into  the  sorum  pro¬ 
tein  of  control,  burned,  and  burned-infected  rats  was  studied 
utilizing  paper  electrophoresis  for  separation  of  the  protein 
fractions,  and  liquid  scintillation  technics  for  counting. 

The  amount  of  radioacti vi ty  incorporated  into  all  of  the 
serum  protein  fractions  by  the  burned  and  burned- infected 
animals  was  greater  than  that  i..  ^rporated  by  the  control 
animals.  The  increased  c'4*  incorporation  paralleled  a  cor¬ 
responding  increase  in  the  circulating  levels  of  the  alpha- 
2  and  beta  globulin.  The  increased  incorporation  of 
into  the  albumin  end  gemma  globulin  in  the  presence  of  de¬ 
creased  or  norma)  serum  concentrations  would  indicate  a  more 
rapid  turnover  of  these  proteins  in  the  injured  animals. 

Further  studies  will  be  required  to  confirm  this. 
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M<0)  Tech  Objective  -  This  study  was  designed  to  investigate  possible  use  of  Immuno¬ 
therapy  for  prevention  and  treatment  of  sepsis  from  Pseudomonas  aeruginosa.  The  first 
phase  of  this  work  was  to  Isolate  and  identify  the  infection  protective  ar.tigen  and 
classify  the  Pseudomonas  aeruginosa  organisms  into  groups  to  determine  whether  or  not 
broad  spectrum  Immunization  could  be  accomplished. 

(U)  Approach  -  Initial  work  was  done  with  a  single  strain  of  Pseudomonas  aeruginosa. 
"Various  fractions  of  disrupted  bacilli  were  tested  for  their  antigenicity  In  experimen¬ 
tal  animals.  Later,  saline  washings  of  the  bacteria  were  ured,  and  specific  Infection 
protective  antigens  were  isolated  by  means  of  chemicai  and  chromatographic  means. 
Immunodiffusion,  bacterial  agglutination  and  In  vivo  protection  were  used  to  test  the 
efficiency  and  purity  of  antigenic  materials. 

(U)  Progress  (jul  65-Jun  66)-  A  high  molecular  weight  material  of  low  toxicity  was 
obtained  which  gave  immune  protection  in  microgram  quantities.  A  wide  degree  of 
cross-antigenicity  was  demonstrated  by  agglutination  tests,  and  cross  protection  with 
Mthe  flap- infect  ion  modal  was  demonstrated.  Recent  studies  indicate  that  a  multivalent 
antigen  of  very  broad  spectrum  activity  can  be  obtained  to  immunize  animals.  Protec¬ 
tion  by  passive  administration  of  specific  antibody  has  also  been  shown.  It  is  felt 
the  use  of  this  antigenic  material  wl i 1  find  wide  application  In  prevention  of  fatal 
Pseudomonas  infertlc-n  In  susceptible  individuals,  sueh  as  those  having  burns,  mucovis¬ 
cidosis,  debilitating  Illnesses  and  iatrogenic- induced  susceptibility.  Technical 
report  entitled  '*Studles  on  the  Isolation  of  an  Infection-Protective  Antigen  from 
Pseudomonas  aeruginosa"  has  been  submitted  for  publication. 
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Invasive  infection  caused  by  Pseudomonas  aeruginosa  con¬ 
tinues  to  be  a  problem  following  severe  thermal  injury  and 
results  in  an  extremely  high  mortality  once  septicemia  becomes 
established.  Any  means  for  the  effective  prevention  or  treat¬ 
ment,  therefore,  merits  consideration.  This  study  was  carried 
out  to  evaluate  the  effectiveness  of  immunization  with  various 
fractions  from  a  single  strain  of  Ps.  aeruginosa  and  i  deter¬ 
mine  whether  intnuni zation  with  puriTied  antigens  against  one 
strain  of  Pseudomonas  would  protect  against  invasive  infection 
by  other  strains. 

A  high  molecular  weight  material  of  low  toxicity  was  ob¬ 
tained  from  Pseudomonas  strain  SRU  12-4-4(59)  which  gave 
immune  protection  in  mirrogr-  cant^ies  in  the  standard  rat 
flap  model  infected  with  Pseuqomonas  strain,  SRU  12-4-4(59). 

This  material  was  found  to  induce  protection  with  a  single 
injection  of  12  nanograms  per  kilogram  in  mice  who  were  given 
a  subsequent  100  LD^g  challenge  of  organisms. 

Tests  for  antigens  common  to  Pseudomonas  strain  SRU  12-4-4(59) 
were  made  with  113  other  strains  of  Pseudomonas,  and  cross- 
antigenicity  was  demonstrated  by  agglutination  tests  in  51  of 
these.  Cross-protection  was  demonstrated  with  all  of  the  eight 


organisms  tested  which  showed  cross -reaction  by  agglutination, 
and  to  two  of  three  which  did  not. 

The  ease  of  production  of  this  highly  antigenic  and  effec¬ 
tive  antigen  from  a  single  strain  of  Pseudomonas  gives  encour¬ 
agement  that  immunotherapy  can  be  used  effectively  for  the  pre 
vention  and  treatment  cf  infection  from  Pseudomonas  aeruginosa 


(1)  Pseudomonas 

(2)  Ps“  } nfect  ton 


(3)  Antigen 

(4)  Immunity 


(5)  Burn  injury 
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ISOLATION  AND  IDENTIFICATION  OF  ANTIGENIC  MATERIALS  ASSOCIATED 
WITH  Immunity  TO  il'.rcCiiuN  BY  PSEUDOMONAS  AERUGINOSA 


The  present  metnods  of  treatment  for  an  established  septi¬ 
cemia  caused  by  Pseudomonas  aeruginosa  are  almost  without  effect 
on  mortal ity.5>l Although  the  incidence  of  this  complica¬ 
tion  in  burned  patients  has  been  diminished  by  the  routine  use 
of  topical  Sulfamylon  prophylaxis  at  this  installation,^  it 
has  not  been  completely  eradicated,  and  such  prophylactic 
measures  cannot  be  used  in  other  circumstances,  such  as  in 
certain  leukemias,  mucoviscidosis,  and  various  diseases  where 
debilitation  favors  an  opportunistic  invasion  by  Pseudomonas. ^ 
The  use  of  systemic  antibiotics  for  the  prevention  of  Pseudo¬ 
monas  infections  in  burns  has  been  without  benefit. ‘2  Despite 
the  development  of  numerous  antibacterial  compounds  and  anti¬ 
biotics,  it  is  remarkable  that  only  a  few  of  these  are  effec¬ 
tive  with  Pseudomonas,  and  rhese  few  often  fail  therapeutically 
in  the  face  of  establ ished  septicemia. 

In  recent  years  there  has  been  interest  in  the  prevention 
and  treatment  of  Pseudomonas  infections  by  immunologic  measures. 
This  interest  was  fostered  to  a  large  extent  by  the  work  of 
Rosenthal  and  his  colleagues  22  at  the  National  Institutes  of 
Health,  who  demonstrated  that  experimental  infections  in  mice 
were  susceptible  to  serotherapy.  Independently,  a  similar 
observation  was  made  by  Fisher  and  Manninq,/  who  also  demon¬ 
strated  that  specific  antibody  was  involved.  More  recently, 
Feller  and  Kamei  °  have  reported  on  attempts  at  the  prevention 
of  Pseudomonas  septicemia  in  burned  patients  with  a  program  of 
combined  active  and  passive  immuni zation  using  a  heat-killed 
vaccine  made  from  a  single  strain  of  Pseudomonas ,  but  to  our 
knowledge  this  work  has  not  been  documented  elsewhere.  Other 
investigators  have  demonstrated  the  effectiveness  of  specific 
antisera  in  the  prevention  and  treatment  of  experimental 
Pseudomonas  infections  from  the  same  strain. ^“>20  Excep  for 
some  limited  studies,  ^  experimental  evaluation  has  not  been 
reported  concerning  cross-protection  between  strains. 

An  extensive  experience  with  experimental  Pseudomonas  in¬ 
fections  has  been  ar  rued  in  this  laboratory  foTT owing  the 
development  of  an  animal  model  in  which  progressive  Pseudomonas 
infection  occurs  which  is  somewhat  comparable  to  human  Pseudo¬ 
monas  burn  sepsis.  It  was  felt  that  this  knowledge  would  aid 

fur«-h®'-  attempt  m  characterize  the  antigens  of  Pseudomonas 
aeruginosa  which  are  associated  with  inducing  protection  from 
Infection.  If  adequate  protection  from  Pseudomonas  infection 
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can  be  obtained  by  either  active  or  passive  immunization,  a 
useful  tool  will  be  added  to  the  surgeon's  therapeutic  arma¬ 
mentarium.  This  report  presents  experimental  data  which  in¬ 
dicate  that  such  is  possible. 

Materials  and  Methods 


Healthy,  adult,  male  Sprague-Dawl ey  (Holtzman  strain) 
rats  were  used  throughout  the  investigations.  Except  where 
indicated,  the  experimental  mooal  described  by  Waiker,  Mason 
and  Raulston  25  was  used  to  evaluate  the  effectiveness  of  the 
antigenic  materials  prepared  for  protection  against  invasive 
infection  by  Ps.  aeruginosa.  This  "standard -fl ap  model"  was 
created  by  the  excision  of  the  skin  and  attached  panniculus 
carnosis  on  the  dorsal  aspect  of  a  rat,  representing  20  per 
cent  of  the  body  surface  area.  The  wound  was  then  seeded 
with  approximately  10°  viable  organisms,  and  the  entire  flap 
replaced  and  held  in  position  to  the  excised  wound  edges  with 
Michel  clips.  This,  in  effect,  created  a  large  area  of  devi¬ 
talized  tissue  which  was  secondarily  infected  by  a  controlled 
inoculum.  Using  this  model  and  Pseudomonas  strain  Sr<U -1 2-4-4(  59) 
as  the  challenging  organism,  there  has  been  100  per  cent  mor¬ 
tality  in  an  experience  of  approximately  200  nonimmunized 
animals,  the  average  day  of  death  being  on  the  fourth  post¬ 
operative  day.  All  surviving  animals  in  the  following  experi¬ 
ments  were  observed  for  a  21 -day  period  before  sacrifice  since 
it  has  been  previously  found  by  Walker,  et  a1.,25  that  animals 
destined  to  succumb  did  so  before  this  time.  The  day  of  death 
was  recorded,  and  the  average  survival  time  is  listed  at  the 
top  of  each  bar  graph  in  the  figures  to  follow. 

All  extracts  and  antigenic  materials  used  throughout  this 
study  were  prepared  from  18  to  24  hour  cultures  of  a  single 
strain  of  Ps.  aeruqi nosa  SRU-1 2-4-4( 59) ,  which  were  harvested 
from  surface  growth  on  trypticase  soy  agar. 

Chromatographic  separations  of  antigens  or  extracts  were 
performed  at  4°  C  on  2.5  x  50  cm  columns  of  G-200  Sephadex 
equi 1  ideated  with  0 . 1 5M  NaCl,  The  fractions  were  eluted  with 
0 . I 5M  NaCl  and  collected  with  a  Beckman,  Model  132,  Fraction 
Collector  contained  in  a  mobile  refrigeration  unit.  A  drop- 
counting  head  was  used  to  determine  the  sample  volume.  The 
ultraviolet  absorption  of  each  sample  was  measured  at  280  microns 
and  260  microns  in  one  cm  silica  cells  in  a  Beckman  DU  Spectro¬ 
photometer.  The  approximate  protein  concentration  of  'jach 
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sample  was  calculated  using  an  eauation  derived  from  the  data 
of  Warburg  and  Christian:^6 

Protein  concentration  (mg/ml)  =  1.55  D23Q  -  O.76 

An  estimation  of  the  purity  of  the  protein  was  obtained  by 
using  the  ratio  0280^260  anc*  re^errin9  t0  tables  for  mix¬ 
tures  of  protein  and  nucleic  acids This  same  method  was 
used  for  estimating  the  protein  content  of  the  crude  prepara¬ 
tions.  Exact  weight  measurements  were  made  on  the  residue  of 
selected  samples  after  dialysis  and  lyophi 1 ization. 

Approximate  molecular  weights  of  the  fractions  were  ob¬ 
tained  by  plotting  the  O.D.  vs.  the  elution  volume.  The 
volume  at  the  absorption  peak  of  the  fractions  was  compared 
to  a  graph  made  by  running  proteins  of  known  molecular  weight 
through  the  same  procedure  and  plotting  elution  volume  v£. 
log  molecular  weight.^ 


Antisera  to  the  Sephadex  fraction  Part  1  from  Experiment 
2  (whole  bacteria  supernate)  was  prepared  by  a  course  of 
immunization  in  rabbits,  using  four  weekly  intravenous  in¬ 
jections  of  the  antigen.  The  animals  were  exsanguinated  one 
week  after  the  last  injection.  These  sera  were  used  for 
immunodiffusion  tests  for  purposes  of  identification  of 
common  antigens  and  partial  quantitation.  A  microtechnic 
of  double  diffusion  in  agar  gel  was  used  similar  to  that 
described  by  Crowle,  with  modification  of  the  template 
wells  so  that  greater  quantities  of  reactants  could  be  intro¬ 
duced. 


For  simplicity,  the  methods  of  preparation  of  the  anti 
genic  materials  are  included  in  the  results. 

kesul ts 


Experiment  1 .  A  comparison  of  immunization  with  live 
organisms  and  crude  extracts  was  made  with  and  without  Colistin 
therapy.  Seven  and  one-half  grams  of  organisms  (wet  weight) 
were  suspended  in  three  volumes  of  normal  saline  and  frozen 
i  a  Hughes  press.  The  cells  were  then  disrupted  in  the  frozen 
state  with  the  press.  Recovered  material  was  centrifuged,  and 
the  residue  was  washed  sever  .1  times  with  normal  saline.  After 
final  centrifugation,  the  volume  of  the  combined  supernates  was 
approximately  100  ml;  this  contained  2.8  mg  of  nitrogen  per  ml. 


Nine  precipitin  bands  were  found  by  immunodiffu  ion  tests 
of  the  crude  supernate  against  antisera  specific  for  the 
material.  Insoluble  residue  was  suspended  in  three  volumes 
of  normal  saline,  and  this  material  contained  4.2  mg  of 
nitrogen  per  ml.  The  experimental  animals  were  divided 
into  four  groups. 

Group  A.  Ten  animals  were  immunised  with  the 
supernate  according  to  the  following  dosage  schedule.  Each 
rat  was  riven  an  initial  subcutaneous  injection  of  0.13  ml  of 
antigen  mixed  with  0.07  ml  of  complete  Freund's  adjuvant. 

Ai  subsequent  weekly  intervals,  each  animal  was  given  0.2, 

0.4,  0.8,  and  1.0  ml  of  antigen  without  adjuvant  intraperi- 
toneally,  the  dose  increasing  each  week. 

Group  B.  One-tenth  ml  of  the  suspended  residue 
and  0.1  ml  of  complete  Freund's  adjuvant  were  administered 
subcutaneously  initially  to  10  animals.  At  subsequent  weekly 
intervals,  0.1,  0.2,  0.4,  and  0.5  ml  of  residue  was  adminis¬ 
tered  intraperi toneal 1y. 

Group  C.  Eleven  animals  were  immunized  with  live 
organisms.  An  initial  dose  of  0.025  ml  of  an  18-nour  trypti- 
case  soy  broth  culture  was  given  intraperi tonea i 1 y .  The 
volume  was  doubled  at  subsequent  weekly  intervals  for  a  total 
of  five  doses. 

Group  0.  Sixteen  animals  received  no  immunization 
and  served  as  controls. 

Each  of  the  four  groups  was  further  divided  into  two 
subgroups.  In  Subgroup  Al,  Bl,  Cl,  and  01,  the  animals  were 
treated  with  Colistin  sulfate,  5  mg/kg/day,  given  in  three 
divided  doses  for  a  period  of  four  days  beginning  at  the  time 
of  operation.  Subgroups  A2,  B2,  C2,  and  D2  received  no  anti¬ 
biotics.  All  of  the  animals  were  challenged  using  the  standard 
flap  model  and  Pseudomonas  strain  SRU- 1 2 -4-4<  59)  five  weeks 
afte  he  initiation  the  immunization  procedure. 

The  survival  rates  are  shown  in  Figure  1.  None  of  the 
animals  *.i  Subgroup  Al,  A2,  81,  Cl,  or  C2  died.  Eighty  per 
cent  survival  was  seen  in  Group  B2,  with  the  sole  death  occur- 
i ing  on  the  second  day.  None  of  the  controls,  with  or  without 
Colistin  sulfate  therapy,  survived  and  the  average  survival 
time  was  5.1  d’ys  in  each  subgroup.  This  experimentally  con¬ 
firms  the  ineffectiveness  of  prophylactic  antibiotics  for 
Pseudomonas  infections. 


Figure  1.  Comparison  of  immunization  with  ' i ve  organisms 
and  crude  extracts  with  and  without  Colistin  therapy. 
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Experiment  2.  in  this  experiment,  antigenic  materials 
of  different  molecular  weight  were  compared.  Supernatant 
material  containing  approximately  7.1  rig  protein  per  ml  was 
prepared  as  described  in  Experiment  1,  and  50  ml  were  used 
.or  separation  of  the  components  by  column  chromotography . 
Fractions  were  collected  in  10  ml  aliquots.  Three  rather 
distinct  portions  were  obtained.  The  first  part  (50  ml) 
consisted  o"  the  material  with  a  molecular  weight  greater 
than  200,0^0.  There  was  an  average  protein  content  of  0.309 
mg/ml  with  24  per  cent  appearing  as  nucleic  acid,  as  esti¬ 
mated  by  '  oe  ultraviolet  absorption  ratio  at  280  and  260 
microns.^  The  second  part  had  a  protein  content  ranging 
from  0.73  to  2.01  mg/ml  (average  1.168),  with  15.3  per  cent 
appearing  as  nucleic  acid,  the  thiH  part  (90  ml)  had  a  pro¬ 
tein  content  ranging  from  1.9  to  5.<~  mg/ml  (average  3.19), 
with  17  per  cent  nucleic  acid.  The  last  represented  the  frac¬ 
tion  with  the  lowest  molecular  weight  compounds. 

Twenty-five  rats  were  divided  into  five  groups.  Group  A 
was  the  control  group  and  received  no  immunization.  Groups 
B,  C,  0,  and  E  were  then  immunized  on  a  dosage  schedule  which 
consisted  of  an  initial  injection  of  0.13  ml  of  antigen  mixed 
with  0.07  ml  of  complete  Freund's  adjuvant  subcutaneously, 
with  subsequent  weekly  intraperi toneal  injections  cf  the  anti¬ 
gen  of  0.2  ml,  0.4  ml,  and  0.8  ml,  respectively.  Group  B  was 
immunized  with  Part  1  from  the  Sephadex  eluate, Group  C  with  Part 
II,  Group  0  with  Part  III,  and  Group  E  with  the  whole  supernate. 

Figure  2  gives  the  per  cent  survival  in  each  of  these 
groups,  with  the  average  length  of  survival  of  those  animals 
which  died.  AM  of  the  animals  were  challenged  with  the 
standard  flap  model  and  Pseudomonas  strain  SRU- 1 2-4-4(55) 
four  weeks  after  the  initiation  of  the  immunization  schedule, 
it  is  apparent  that  the  best  survival  occurred  w'th  the  high 
molecular  weight  portion  from  the  Sephadex  separation. 

Experiment  3.  Several  other  methods  of  preparation  of 
antigenic  materials  were  tried  in  this  experiment.  Since  the 
work  of  Alms  and  Bass^  and  Liu'b,l6  indicated  that  the  slime 
layer  contained  the  most  important  antigenic  substances  which 
were  associated  with  protection  from  infection,  simpK  washings 
of  the  organisms  were  included. 

Group  A,  Five  animals  were  immunized  by  a  single 
i  nt r 'per i tonea 1  injection  of  0.5  ml  of  material  taken  from 
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the  peak  of  a  second  Sephadex  G-200  separation  of  the  Part  1 
material  from  the  Sephadex  separation  in  Experiment  2. 

Group  B.  Organisms  were  subjected  to  four  episodes 
of  repeated  freezing  and  thawing.  A  saline  extract  was  made 
of  this  material,  and  after  centrifugation  it  was  sterilized 
by  filtration  through  a  sintered  glass  filter.  The  five 
animals  in  this  group  were  immunized  by  a  single  intraperi toneal 
injection  of  0.5  ml. 

Group  C.  Five  animals  were  immunized  int raperi toneal 1 y 
with  0.5  ml  of  a  material  prepared  by  agitating  live  organisms 
with  0.15  molar  KC 1  followed  by  centrifugation  and  finally 
filtration  through  sintered  glass  for  sterilization.  This 
material  produced  four  bands  by  gel -diffusion  test  against 
antisupernate  antiserum. 

Group  0.  Five  animals  were  immunized  intraperi to- 
neally  with  0.5  ml  of  a  saline  solution  of  a  60  per  cent 
ethanol  precipitate  of  the  KC1  wash  from  Group  C. 

Group  E.  Five  animals  served  as  controls  without 
immunization. 

All  animals  were  subjected  to  challenge  with  the  standard 
flap  model  infected  with  Pseudomonas  strain  SRU-1 2-4-4{ 59) 

10  days  after  the  single  immun^ zati on. 

Figure  3  shows  the  results  and  indicates  that  full  pro¬ 
tection  is  afforded  with  the  freeze-thaw  preparation  and  the 
KC 1  wash,  with  good  protection  provided  by  both  the  Sephadex 
preparation  and  the  60  per  cent  ethanol  precipitate  of  che 
KC 1  wash.  All  of  the  controls  died. 

Experiment  4.  A  comparison  of  various  ethanol  precipi¬ 
tation  fractions  was  made.  A  suspension  of  live  organisms 
in  0.15  molar  KC 1  was  agitated  with  a  Virtis  "45"  homogenizer, 
running  at  the  lowest  speed  setting  for  10  minutes.  The 
suspension  was  centrifuged  at  17,000  r.p.m.  for  20  i.iinutes, 
and  the  supernatant  material  was  fractionated  by  serial  pre¬ 
cipitation  with  absolute  ethanol  at  increasing  concentrations 
beginning  with  a  40  per  cent  concentration.  The  material  was 
then  centrifuged  and  the  precipitate  dissolved  in  KC 1 .  By 
UV  reading,  the  concentration  of  protein  was  ertimated  to  be 
0.30  mg/ml,  with  15-5  per  cent  appearing  as  nucleic  acid. 
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Figure  3.  Comparison  of  several  methods  for  the  prepara¬ 
tion  of  antigenic  materials. 
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The  concentration  of  ethanol  in  the  supernate  was  then  in¬ 
creased  to  60  per  cent,  and  the  precipitate  again  removed. 

This  precipitate,  dissolved  in  KOI,  had  a  concentration 
of  0.201  mg/ml,  with  5.8  per  cent  appearing  as  nucleic  acid. 
After  increasing  the  concent  rat i on  of  ethanol  in  the  super¬ 
nate  to  80  per  cent,  a  heavier  flocculant  precipitate  formed, 
which,  when  dissolved  in  KC 1 ,  had  a  concentration  of  0.523 
mq/ml ,  with  a  nucleic  acid  content  of  4.2  per  cent.  The 
original  KC1  wash  contained  2.05  mg  protein  per  ml,  with  13 
per  cent  appearing  as  nucleic  acid.  Twenty-five  animals 
were  divided  into  five  groups,  and  the  first  four  of  these 
were  immunized  with  a  single  i nt raperi tonea 1  dose  of  0.5 
ml  of  the  antigenic  material  seven  days  prior  to  the  time  of 
challenge  with  the  standard  flap  model  which  was  infected 
with  F seudomonas  strain  SRU- 1 2 -4-4( 59) •  Group  A  was  immunized 
with  the  KC1  wash;  Group  B  was  immunized  with  the  material 
from  the  40  per  cent  ethanol  fraction;  Group  C  was  immunised 
with  the  material  from  the  40  per  cent  to  60  per  cent  alcohol 
fraction;  and  Group  0  was  imnunized  with  the  material  from 
the  60  per  cent  to  80  per  cent  alcohol  fraction.  Group  E 
served  as  controls  and  received  no  immunization. 

Four  of  the  animals  died  of  anesthetic  complications  at 
the  time  of  operation.  The  survival  of  the  remaining  animals 
is  shown  in  Figure  4.  It  is  readily  apparent  that  some  pro¬ 
tection  was  afforded  by  the  KC1  wash,  the  40  per  cent  ethanol 
precipitate,  and  the  60  per  cent  ethanol  precipitate.  All 
of  the  animals  immunized  with  the  60  per  cent  to  80  per  cent 
ethanol  precipitate  died,  and  their  average  time  of  survival 
was  not  significantly  greater  than  the  controls.  It  was 
felt  that  the  latter  afforded  little  or  no  protection  against 
active  infection  from  Pseudomonas .  The  short  interval  be¬ 
tween  immunization  and  challenge  was  felt  to  contribute  to 
the  deaths  which  occurred  in  Groups  A,  B,  and  C. 

experiment  5-  In  this  experiment,  an  attempt  was  made 
to  determine  the  stability  of  the  antigenic  material  which 
irduced  protection.  A  60  per  cent  ethanol  precipitate  was 
made  of  a  sodium  chloride  washing  of  Pseudomonas  strain  SRU - 
12-4-4(59).  and  this  was  dissolved  in  normal  saline  and 
sterilized  by  sintered  glass  filtration.  Twenty  animals  were 
divided  into  four  groups.  All  animals  were  immunized  with 
0.5  ml  of  the  materia!  given  i nt raperi tonea 1 1 y  10  days  prior 
to  challenge  with  the  standard  flap  model  and  Pseudomonas 
strain  SRU- 1 2 -4-4( 59) • 
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Group  A.  These  animals  received  the  untreated  antigen. 

Group  B.  A  portion  of  the  antigen  which  had  been 
frozen  and  thawed  three  times  was  given. 

Group  C.  These  animals  were  immunized  with  a  por¬ 
tion  of  the  material  which  had  been  heated  at  56°  C  for  one 
hour. 


Group  D.  This  group  was  immunized  with  the  same 
material  which  had  been  heated  for  one  hour  at  100°  C. 

The  results  are  shown  in  Figure  5.  Good  protection  was 
found  in  Groups  B  and  C,  where  50  per  cent  and  80  per  cent  of 
the  animals  survived,  respectively;  and,  of  those  animals  that 
died,  survival  was  considerably  prolonged.  Prolonged  heating 
of  the  material  at  a  higher  temperature  resulted  in  incomplete 
loss  of  activity  indicating  a  fairly  high  degree  of  stability. 

Experiment  6.  Preparation  of  the  antigenic  material  by 
means  utilized  for  polysaccharides  was  done  in  this  experi¬ 
ment.  A  60  per  cent  ethanol  precipitate  of  a  sodium  chloride 
wash  was  prepared  as  described  above,  and  this  was  dissolved 
in  normal  saline.  One  per  cent  cetyl  trimethyl  ammonium  bromide 
was  added  until  a  flocculant  precipitate  was  obtained.  The 
complex  was  partly  dissociated  by  use  of  the  critical  solu¬ 
bility  temperature  after  dissolving  the  precipitate  in  1.5 
molar  KC1,  as  described  by  Scott. ^  After  centrifugation, 
two  volumes  of  95  per  cent  ethanol  saturated  with  KC 1  was 
added  to  the  supernate  to  precipitate  the  polyanion.  The 
final  precipitate  was  dissolved  in  30  ml  of  distilled  water 
and  will  be  referred  to  as  the  purified  CTAB  extract  hereafter. 
Serial  ethanol  cuts  were  made  from  this  purified  CTAB  extract, 
using  30,  NO,  50,  and  60  per  cent  ethanol  concentrations, 
respectively.  Between  each  cut,  the  precipitate  was  removed 
by  centrifugation  before  additional  alcohol  was  added,  and 
and  then  it  was  dissolved  in  a  volume  of  15  ml  of  0.15  molar 
KC1.  Approximately  four  hours  at  4°  C  were  allowed  for  pre¬ 
cipitation  with  each  of  the  steps.  Thirty  animals  were  divided 
into  six  groups  to  determine  the  effectiveness  of  the  antigen 
prepared  by  this  method.  Group  A  was  immunized  with  the  CTAB 
extract,  Group  B  with  the  30  per  cent  cut,  Group  C  with  the 
40  per  cent  cut,  Group  D  with  the  50  per  cent  cut.,  and  Group 
E  with  the  60  per  cent  cut.  Group  F  served  as  controls.  All 
test  animals  were  immunized  with  a  single  int raperi toneal 
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Figure  5*  Determination  of  antigen  stability. 


37-14 


injection  of  0.5  ml  of  the  respective  material  given  12  days 
prior  to  a  challenge  with  the  standard  flap  model  which  was 
infected  with  Pseudomonas  strain  SRU  12-4-4(59). 

The  results  are  shown  in  Figure  6.  A  rather  disappointing 
amount  of  protection  was  afforded  by  the  purified  CTAB  extract, 
but,  surprisingly,  serial  cuts  of  this  material  gave  better 
protection.  The  best  protection  was  afforded  by  the  50  per 
cent  to  60  per  cent  ethanol  fraction.  Dr.  M.  W.  Fisher  of 
Parke,  Davis  &  Co.,  tested  this  fraction  in  mice  and  found 
that  a  single  -ubcutaneous  injection  of  0-25  ml  of  a  10"5 
dilution  (approximately  0.0005  jig)  gave  protection  against 
a  100  LD^q  challenge  of  organisms  one  week  later. 

Experiment  In  this  experiment,  the  effectiveness  of 
antigens  separated  by  chromatographic  means  was  tested.  The 
material  obtained  by  60  per  cent  ethanol  precipitation  of  a 
sodium  chloride  wash  of  live  Pseudomonas  strain  SRU-1 2-4-4( 59) 
organisms  was  separated  chromatographical 1 y  as  described  before 
and  collected  in  4.2  ml  aliquots.  Two  distinct  peaks  were 
obtained  by  ultraviolet  absorption.  The  first  represented 
materials  with  an  average  molecular  weight  of  180,000,  whereas 
compounds  in  the  second  were  well  below  that  limit,  with  an 
average  of  15,000.  A  0.5  ml  aliquot  of  material  was  used  to 
immunize  all  animals,  each  with  a  single  intraperitoneal  dose 
given  10  days  prior  to  the  challenge  with  the  flap  model 
infected  with  Pseudomonas  strain  SRU-1 2-4-4( 59) .  All  groups 
had  five  rats  each  except  Group  A,  which  had  10.  Group  A 
was  immunized  with  material  from  the  first  peak,  and  Group  B 
from  the  second.  The  material  used  for  immunization  for  Group 
A  contained  369  pg  of  material  per  ml  by  weight.  A  1:10 
dilution  of  the  material  used  in  Group  A  which  contained  approxi¬ 
mately  36.9  pg  per  ml  was  used  to  inrmunize  Group  C.  In  Group 
0,  immunization  was  accomplished  with  a  1:100  dilution  of  the 
material  from  Peak  1,  which  contained  approximately  3.69  pg 
protein  per  ml.  In  Group  E,  further  dilution  to  1:1000  was 
made.  Five  animals  served  as  controls  in  Group  F. 

The  results  are  shown  in  Figure  ).  Progressive  decrease 
in  protection  was  seen  with  serial  dilutions  of  the  antigen 
from  Peak  1,  with  full  protection  afforded  by  the  undiluted 
material.  In  Group  E,  all  of  the  animals  died.  The  average 
length  of  survival,  however,  was  prolonged  considerably  when 
compared  with  the  controls. 
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Figure  7»  Effectiveness  of  antigens  separated  by 
chromatographic  means. 
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The  material  from  Peak  1  was  tested  in  mice  and  found  to 
be  effective  at  a  jO  per  cent  protection  'evel  against  a  100 
LDrg  challenge  in  a  dose  of  12  nanograms  per  kilogram 
(0.00024  pg/mouse'  , 

Experiment  8.  The  important  question  of  cross  protection 
was  studied  in  this  experiment.  Additional  antisera  were 
made  in  two  rabbits  with  a  series  of  weekly  intravenous  in¬ 
jections  of  the  material  present  in  a  single  tube  at  the  apex 
of  the  first  peak  from  the  Sephadex  separation  of  the  60  per 
cent  ethanol  precipitate.  Double  diffusions  in  agar  gel  with 
the  antigen  against  these  antisera  showed  one  '  ..avy  precipitin 
band  and  two  faint  ones.  This  antiserum  was  used  to  do  immuno¬ 
diffusion  studies  fo-  the  detection  of  common  antigens  from 
saline  washes  from  46  other  strains  of  Pseudomonas.  Bands  of 
common  identity  were  seen  in  22  (47.8  pe7  cent)  of  these 
(Figure  8).  Agglutination  tests  were  done  with  these  and  an 
additional  67  strains  of  p£.  aerugi nosa,  using  the  same  anti¬ 
sera  and  live  organisms  suspended  in  saline  as  the  antigen. 

Of  the  113  strains,  51  (45.1  per  cent)  gave  a  positive  agglu¬ 
tination  reaction  at  a  serum  dilution  of  1:100.  When  the 
results  of  the  agglutination  tests  were  compared  with  those 
obtained  by  gel -diffusion,  exac  :  confirmation  was  obtained. 

Using  tne  cbove  results  as  a  guide,  eight  organisms  which 
showed  cross  identity  with  Pseudomonas  strain  SRU-1 2-4-4( 59) , 
and  three  which  did  not,  were  selected.  Cross  protection  was 
tested  in  140  animals  which  were  divided  in  11  groups,  each 
with  subgroups  for  test  and  control.  Groups  A-H  showed  cross 
antigenicity  by  agglutination  and  gel -oi ffusion,  whereas  Groups 
I  -  K  did  not.  All  of  the  test  animals  were  immunized  (as 
indicated  in  Figure  9)  with  antigens  prepared  from  Pseudomonas 
strain  SRU -1 2 -4-4( 59)  •  None  of  the  controls  were  immuni zecT 
The  results  are  shown  in  Figure  9-  The  number  of  survivors 
over  the  total  number  in  each  subgroup  is. shown  as  a  fraction. 
Evidence  of  cross  protection  was  found  not  only  in  Groups  A  - 
H,  but  also  in  Groups  I  and  J  where  it  was  not  expected.  There 
was  no  evidence  of  cross  protection  with  Pseudomonas  VA-134. 

In  Groups  A  and  B,  it  was  apparent  that  an  increase  in  survival 
followed  purific.tion  of  the  antigen  used  for  immunization. 
There  was  an  overall  survival  of  54  per  cent  in  the  test  group 
compared  to  a  10  per  cent  survival  in  the  nonimmunized  control 
group. 
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Legend  for  Figure  8A 

Immunodiffusion  tests  showing  reactions  of  cross  ir'entit 
with  Pseudomonas  strain  SRU- 1 2-4-4( 59) • 

Center  well  -  freeze-thaw  preparation  of  Pseudomonas 
strain  SRU-12-4-4( 59) . 

Wells  B  &  E  -  antiserum  to  Pseudomonas  strain  SRU-12- 

4-4(59). 

Well  A  -  freeze-thaw  preparation  of  Pseudomonas 

strain  SRU -3 -9-4( 64) 

Well  C  -  freeze-thaw  preparation  of  Pseudomonas 

strain  S RU -8-28 -3 ( 63)  . 

Wei  1  D  -  freeze-thaw  preparation  of  Pseudomonas 

strain  SRU-7-29-2 ( 63) .  — 

Well  F  -  freeze-thaw  preparation  of  Pseudomonas 

strain  Whi t ting  son-1 1 -1 5-2(60) . 

All  four  organisms  tested  show  cross  identity  with 
Pseudomonas  strain  SRU-1 2-4-4( 59) •  Small  pieces  of  aqar 
saj;  :ent  to  Wei's  E  &  F  were  removed  with  the  template. 


Immunodiffusion  tests  showing  reactions  of  cross  identity 
with  Pseudomonas  strain  SRU-12-4-4( 59) •  . 

Center  well  -  freeze-thaw  preparation  of  Pseudomonas 
strain  SRU-1 2-4-4( f>9)  - 

Wells  B  &  E  -  antiserum  to  Pseudomonas  strain  SRU-12- 

4-4(59). 

Well  A  -  saline  wash  cf  Pseudomonas  strain  UCF-274. 

Well  C  -  saline  wash  of  Pseudomonas  strain  UCF-501. 

Well  D  -  saline  wash  of  Pseudomonas  strain  UC-1009. 

Well  F  -  saline  wash  o*  Pseudomonas  strain  UC-7710. 

Only  Pseudomonas  strain  UCF-501  shows  cross  identity  with 
Pseudomonas  strain  SRU-12-4-4(59) . 


Figure  9*  Cross  protection  studies  with  animals  irmunized 
with  antigens  prepared  from  Pseudomonas  strain  SRU-1 2-4-4( 59) 
and  challenged  with  11  different  strains  of  Pseudomonas. 
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Several  studies  have  been  conducted  which  demonstrate  the 
effectiveness  of  active  immunization  with  live  or  killed  Ps. 
aeruginosa  in  the  prevention  of  infection  by  the  same  strain. 
Walker,  Mason,  and  Raulston  ^5  show  that  rats  immunized  with 
multiple  injections  of  live  Pseudomonas  organisms  were  pro¬ 
tected  against  infection  with  a  rather  severe  challenge  using 
their  standard  flap  model.  Merthiolate-ki 1  led  organisms  in 
the  same  dosage  failed  to  elicit  protective  antibodies. 
Millican  and  kust  ^0  were  also  able  to  effectively  inmunize 
against  Ps^.  aeruginosa  using  live  organisms  in  albino  rabbits, 
but  the  mortality  for  the  series  of  immunizations  was  almost 
50  per  cent.  Fox  and  Lowbury  8  have  used  formol -ki 1  led  or¬ 
ganisms  for  immunization  of  rabbits;  and  McMeel ,  Wood,  and 
Senterfit  19  were  able  to  use  heat-killed  organisms  for  active 
immunization  for  the  prevention  of  infection  of  the  cornea 
from  the  same  strain  of  Ps_.  aeruginosa  in  rabbits.  Liu,  et 
aj^. ,15*16  in  two  reports,  tried  to  demonstrate  the  roles  of 
various  fractions  of  Ps^.  aeruginosa  in  its  virulence  and  in 
pathogenesis.  They  concluded  that  extracellular  enzymes  pro¬ 
duced  by  the  organisms  were  species  specific,  but  that  the 
slime  layer  was  type  specific.  Homolysins  were  nonantigenic. 
They  felt  that  the  ability  to  produce  extracellular  toxins 
was  important  to  virulence,  but  that  the  slime  layer  was  im¬ 
portant  in  the  production  of  antibodies  which  prevented  in¬ 
vasive  infection.  They  further  concluded  that  antibody  to 
the  slime  layer  was  responsible  for  both  agglutination  and 
protection  against  invasive  infection  by  the  organism, 
although  they  felt  that  the  slime  layer  was  poorly  antigenic. 


The  study  reported  herein  represents  an  attempt  to  isolate 
and  identify  the  antigenic  substance  or  substances  from  a 
single  strain  of  Ps.  aeruginosa  which  are  responsible  for  the 
elicitation  of  an  immune  response  protective  against  active 
invasive  infection.  Since  a  great  deal  of  experience  had  been 
accrued  in  this  laboratory  with  infection  in  the  standard 
flap  model  in  the  rat  with  Pseudomonas  strain  SRU-1 2-4-4( 59) , 
this  organism  was  selected  for  study.  By  avoiding  harsh 
chemical  separations,  it  was  felt  that  destruction  of  possible 
labile  antigenic  materials  or  moieties  could  be  avoided.  The 
initial  experiments  were  done  by  disrupting  intact  live  organ¬ 
ism  in  a  frozen  state  with  a  Hughes  press  with  subsequent  ex¬ 
traction  with  normal  saline,  maintaining  the  materials  at  a 
cold  temperature.  Immunization  of  rats  with  the  material 
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obtained  gave  good  protection  against  invasive  infection 
which  was  far  superior  to  that  which  could  be  obtained  with 
antibiotic  therapy.  Separation  of  this  material  chromato¬ 
graphies!  1y  with  Sephadex  G-200  and  immunization  of  animals 
with  the  fractions  therefrom  indicated  that  the  material 
which  elicited  the  protective  antibody  was  of  a  molecular 
weight  approximating  200,000.  It  had  been  shown  by  Alms  and 
Bass  ^  that  a  protective  antigen  could  be  obtained  simply 
by  using  a  saline  washing  of  cells.  Following  this  lead, 
an  antinenic  material  was  obtained  by  both  saline  wash  and 
subsequent  alcohol  precipitation,  which  was  found  to  be  an 
effective  immunizing  agent.  Gel -diffusion  studies  showed 
that  the  same  substances  present  in  the  dissolved  ethanol 
precipitant  were  present  in  the  extract  from  the  whole  or¬ 
ganism,  and,  furthermore,  several  nonessential  antigenic 
materials  had  been  removed.  It  was  felt  that  the  purifica¬ 
tion  of  the  antigen  to  one  or  two  specific  substances  was 
most  desirable  because  of  the  problem  of  competition  of  anti¬ 
gens,  as  discussed  by  Adler.  1  Further  separation  of  this 
material  by  Sephadex  chromatography  again  showed  that  the 
active  substance  or  substances  were  in  the  high  molecular 
weight  fraction,  and  that  further  purification  had  been 
obtained.  The  partially  purified  antigen  obtained  by  chromato¬ 
graphic  separation  of  the  60  per  cent  ethanol  precipitate 
was  found  to  be  highly  active  against  a  severe  challenge 
with  P$.  aeruginosa  in  rats  using  the  standard  flap  model, 
even  a7ter  a  single  injection  of  a  few  micrograms.  A  single 
dose  as  low  as  12  nanograms  per  kilogram  proved  to  be  pro¬ 
tective  in  mice.  The  antigen  was  found  to  be  fairly  stable, 
although  some  activity  was  lost  both  by  heating  and  repeated 
freezing  and  thawing.  The  ability  to  extract  it  with  cet/1- 
t  '  -thyl ammonium  bromide  indicated  that  it  was  a  large 
molecular  weight  polysaccharide  material.  It  is  possible 
that  peptide  linkages  are  present  in  the  antigen  since 
proteolysis  with  Pronase  will  destroy  its  ability  to  induce 
the  formation  of  protective  antibody. 

Antisera  prepared  against  the  purified  antigen  was  shown 
to  be  cross-reactive  with  several  strains  of  Ps^.  aerugi nosa , 
both  by  immunodiffusion  studies  of  saline  washes  /rom  Intact 
organisms  and  by  agglutination  of  live  organisms  in  saline. 

This  indicates  that  it  may  be  possible  to  group  Pseudomonas 
into  several  distinct  categories  for  purposes  of  ciassiHca- 
tion.  Verde r  and  Evans  ^  and  Gould  and  Hcleod  were  able 


to  obtain  a  certain  degree  of  classification  wiiii  agglutinating 
sera  against  Ps.  aeruginosa  using  killed  organisms  as  antigen. 
Hopefully,  antisera  to  a  highly  purified  antigen  may  be  even 
more  effective  in  distinct  classification  into  agglutinating 
groups.  It  is  encouraging  that  some  evidence  of  cross-pro¬ 
tection  was  demonstable  in  all  eight  strains  which  showed 
both  cross-reactivity  by  agglutination  and  gel -diffusion  tests, 
and  also  in  two  strains  which  did  not.  In  one  strain,  where 
no  demonstrable  cross-reaction  was  obtained  by  the  tests, 
there  was  no  cross  protection  obtained  in  rats  immunized  against 
Pseudomonas  strain  SRU- 12 -4-4(59) . 

These  studies  suggest  that  an  effective  polyvalent  and 
nontoxic  antigen  can  be  prepared  for  the  prevention  of  in¬ 
fection  from  Ps.  aeruginosa.  Early  studies  with  passive  pro¬ 
tection,  which  are,  being  extended,  indicate  that  purified 
gamma  globulin  and  hyperimmune  sera  may  offer  an  adjuncf’ve 
means  not  only  for  the  prevention  of  infection,  but  also  for 
the  actixo  treatment  of  established  infection. 

In  most  instances,  the  small  number  of  animals  used  for 
each  group  within  this  series  has  been  found  to  be  sufficient 
for  evaluation  of  antigenic  materials  since  there  is  a  100 
per  cent  nortality  in  the  standard  flap  model  infected  with 
Pseudomonas  strain  $RU-12-4-4(59) .  Any  survival,  therefore, 
is  significant.  Prolongation  of  life  may  be  of  significance, 
but  it  would  be  unwise  to  draw  conclusions  using  this  as  the 
sole  basis  for  evaluation  of  the  effectiveness  of  antigenic 
materials  when  so  few  animals  are  used.  Total  survival  of 
five  animals,  as  compared  to  death  in  five  controls,  is  highly 
si gni f i cant . 

Summary 

Invasive  infection  cause"*  by  P_s.  aeruginosa  continues  *o 
be  a  problem  following  severe  thermal  Injury  and  results  in 
an  extremely  high  mortality  once  septicemia  becomes  established. 
Any  means  for  the  effective  prevention  or  treatment,  therefore, 
merits  consideration.  This  study  was  carried  out  to  evaluate 
the  effectiveness  of  immunization  with  various  fractions  from 
a  single  strain  of  Ps.  aeruginosa  and  to  determine  whether 
immunization  with  puri fied  antigens  against  one  strain  of 
Pseudomonas  would  protect  against  invasive  infection  t,  other 
strains. 
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A  high  molecular  weight  material  of  low  toxicity  was  ob¬ 
tained  from  Pseudcmonas  strain  SRU-1 2-4-4( 59)  which  gave 
immune  protection  in  microgram  quantities  in  the  standard 
rat  flap  model  infected  with  Pseudomonas  s.rain  SRU-1 2-4-4( 59) • 
This  material  was  found  to  induce  protection  with  a  single 
injection  of  12  nanograms  per  kilogram  in  mice  who  were  given 
a  subsequent  100  LD50  challenge  of  organisms. 

Tests  for  antigens  common  to  Pseudomonas  strain  SRU-1 2 -4- 
4(59)  were  made  with  113  other  strains  of  Pseudomonas,  and 
cross-antigenicity  was  demonstrated  by  agglutination  tests 
in  51  of  these.  Cross  protection  was  demonstrated  with  all 
of  the  eight  organisms  tested  which  showed  cross-reaction  by 
agglutination,  and  two  of  three  which  did  not. 

The  ease  of  production  of  this  highly  antigenic  and  effec¬ 
tive  antigen  from  a  single  strain  of  Pseudomonas  gives  encour¬ 
agement  that  immunotherapy  can  be  used  effectively  for  the 
prevention  and  treatment  of  infection  from  Ps.  aeruginosa. 

References 


1.  Adler,  K.L.s  Competition  of  antigens.  In  MECHANISM  OF 
HYPERSENSITIVITY.  International  Symposium.  Shaffer,  I. 
H.,  LaGrippo,  G.H.,  and  Chase,  M.W.  (eds).  Boston.  Little, 
Brown,  Co.,  1959.  p.  53?. 

2.  Alms,  T.H.,  and  Bass,  J.A.:  Mouse  protective  antigen 
from  Pseudomonas  aeruqinosa  (Abstract).  Texas  Rep.  Biol. 

Med.  Jin wrm:' 

3.  Andrews,  P. :  Estimation  of  molecular  weights  of  proteins 
by  gel  filtration.  Nature  196:36,  1962. 

4.  Crowle,  A.J.:  Immunodiffusion.  New  York,  Academic  Press, 
1961. 

5.  Curtin,  J.A.,  Petersdorf,  R.A.,  and  Bennet,  I.L.,  Jr.: 
Pseudomonas  bacteremia:  A  review  of  ninety -one  cases. 

Ann.  Intern.  Med.  54:1077,  1961. 

I 

1  6.  Feller,  I,,  and  Kamei,  I.:  Pseudatonas  vaccine  and  hyper- 

*  immune  plasma  in  the  treatment  o^  Ixirned  patients.  Surg. 

|  Forum.  15*46,  1964. 


37-27 


7.  Fisher,  M.W.,  and  Manning,  M.C.:  Studies  on  the  immuno¬ 
therapy  of  bacterial  infections.  I.  The  comparative 
effectiveness  of  human  gamma  globulin  against  various 
bacterial  species  in  mice.  J.  Immunol.  81:29,  1958. 

8.  Fox,  J.  E.,  and  Lowbury,  E.J.:  Immunity  and  antibody 
to  Pseudomonas  pyocyanea  in  rabbits.  J.  Path.  Bact. 

65:553/1953.' 

9*  Gaines,  S.,  and  Landy,  M.:  Prevalence  of  antibody  to 

Pseudomonas  in  normal  human  sera.  J.  Bact.  69:628,  1955 

10.  Gould,  J.C.,  and  McLeod,  J.W.:  A  study  of  the  use  of 
agglutinating  sera  and  phage  lysis  in  the  classification 
of  strains  of  Pseudomonas  aeruginosa.  J.  Path.  Bact. 

79:295,  I960. 

11.  Homma,  J.Y.,  Sagehashi,  K.,  and  Hosoya,  S.:  Serological 
types  of  Pseudomonas  aeruginosa.  Japan  J.  Exp.  Med.  21: 

375,  1951. 

12.  Kefalides,  N.A.,  Arna,  J.A.,  Bazan,  A.,  Velarde,  N.,  and 
Rosenthal,  S.M.:  Evaluation  of  antibiotic  prophylaxis 
and  gamma -globjl in,  plasma,  albumin,  and  saline  solution 
therapy  in  severe  burns.  Bacteriologic  and  immunologic 
studies.  Ann.  Surg.  159:496,  1964. 

13.  Layne,  £.:  In  METHODS  OF  ENZYM0L0GY,  Vol .  III.  Colowick, 
S.P.,  and  Kaplan,  N.O.  (eds).  New  York,  Academic  Press, 
Inc.  1 957*  P  454. 

14.  lindberg,  R.B.,  Moncrief,  J.A.,  Switzer,  W.E..  Order, 
S.E.,  and  Mills,  W. ,  Jr.:  The  successful  control  of  burn 
wound  sepsis.  J.  Trauma  5:60),  1965. 

15.  Liu,  P.V.,  Abe,  Y.,  and  Bates,  J.L.:  The  roles  of  various 
fractions  of  Pseudomonas  aeruginosa  in  its  pathogenesis. 
J.  Infect,  OisT  163:213,  f§SI. 

16.  Liu,  P.V.,  and  Mercer,  C.8.:  Growth,  toxigenicity  and 
virulence  of  Pseudomonas  aeruginosa.  J.  Hyg.  61:485,  1963 

17.  Markley,  L.,  Gurmendi,  G.,  Chavez,  P.M.,  and  Bazan,  A.: 
Fatal  Pseudomonas  septicemia  in  burned  patient.  Ann. 
$urg.  TC57T7TTT957. 


37-28 


18.  McMeel,  J.W.,  and  Wood,  R.M.:  Passive  immunization  against 
Pseudomonas  infection  of  the  cornea.  Trans.  Amer.  Acad. 
Ophthal.  Otolaryng.  64:486,  I960. 

19.  McMeel,  J.W.,  Wood,  R.M.,  and  Senterfit,  L.B.:  Active 
imnunization  against  Pseudomonas  infection  of  the  cornea. 
Trans.  Amer.  Acad.  Ophthal.  Otolaryng.  64:490,  I960. 

20.  Millican,  R.C.,  and  Rust,  J.D.:  Efficacy  of  rabbit 
Pseudomonas  antiserum  in  experimental  Pseudomonas 
aeruginosa  infection.  J.  Infect.  Dis.  107:589,  I960. 

21.  Rabin,  E.R.,  Graber,  C.D.,  Vogei,  E.H.,  Jr.,  Finkelstein, 
R.  A.,  and  Tumbusch,  W.A.:  Fatai  Pseudomonas  infection 

in  burned  patients.  A  clinical,  bacteriologic  and  anatomic 
study.  New  Eng.  J.  Med.  265:1225,  1961. 

22.  Rosenthal,  S.M.,  Millican,  R.C.,  and  Rust,  J.:  A  factor 
in  human  gamma  globulin  preparations  active  against 
Pseudomonas  aeruginosa  infections  in  mice.  Proc.  Soc. 

Exp.  Biol .  Med.  94:214,  1957* 

23.  Scott,  J.E.:  Aliphatic  ammonium  salts  in  the  assay  of 
acidic  polysaccharides  from  tissues.  Ln  METHODS  OF 
BIOCHEMICAL  ANALYSIS.  Glick,  D.  (ed) .  New  York,  Inter¬ 
science  Publishers,  Inc.  I960,  p.  145. 

24.  Verder,  £.,  and  Evans,  J.:  A  proposed  antigenic  schema 
for  the  identification  of  strains  of  Pseudomonas 
aeruginosa.  J.  Infect.  Qis.  109:183,  1961. 

25.  Walker,  H.L.,  Mason,  A.O.,  Jr.,  and  Raulston,  G.L.: 

Surface  infection  with  Pseudomonas  aeruginosa.  Ann. 

Surg.  160:297,  1964, 

26.  Warburg,  0.,  and  Christian,  W. :  Isolation  and  crystalli¬ 
zation  of  enalase.  Biochem.  Z.  310:384,  1942. 

Presentations 


Alexander,  J.  W.:  Studies  on  the  isolation  of  an  infection- 
protective  antigen  from  t  seudomonas  aeruginosa.  Presented  at 
Surgical  Seminar  meeting,  Department  of1  Surgery,  University 
of  Cincinnati,  Cincinnati,  Ohio,  3  November  1965* 


37-29 


Publ i cations 


Alexander,  J.  W.,  Brown,  W.,  Walker,  H.L.,  Mason,  A.D.,  Jr. 
and  Moncrief,  J.A.:  Studies  on  the  isolation  of  an  infection- 
protective  antigen  fom  Pseudomonas  aeruginosa.  J.  Trauma 
( In  press) . 


ACKNOWLEDGEMENTS 

The  authors  wish  to  thank  Dr.  M,  W.  Fisher  of  Parke, 
Davis  and  Company  for  reviewing  the  manuscript  and  for  the 
determination  of  the  potency  of  selected  antigenic  materials 


RESEARCH  ANO  TECHNOLOGY  RESUME 

mm 

4.  DAT I  or  RESUME 

30  06  66 

m 

|  :  | 

ill 

?.  RIQRAOIKO 

NA 

•  RELEASE  LIMITATION 

NL 

*.  LEVEL  OF  RESUME 

At.  WORK  JNIT 

10..  CUimiNT  NUMCR/COOt 

61145011  3AC145O1071R  01  187 

to*,  frior  numrer/code 

NONE 

’ll.  TJTLI:  1 

j  (U)  Immune  Response  to  Experimental  Burns  Treated  with  Topical  Sulfanylon  (44)  | 

12.  SCIENTIFIC  OR  TECH.  AURA 

Clinical  Medicine  (903500) 

1*.  START  DATE 

07  65 

M.  CHIT.  COHPV.  OATt 

NA 

immEM 

14.  AROCUR*.  MCTHOO 

C.  in- House 

it.  contract /or  ant 

6.  HUM  (A 

lift 

c.  rm  d.  mount 

t*  RESOURCES  |1T. 

'PHAWMWAL 

*■  MAN-YEARf 

*.  FUNO'  .teeiamds) 

0 

0 

CUARIHI  PY  $$ 

1 

_ 5 

10.  foVT  LAt/IMTALLAT 

<»t  Headquar 
•nm  US  Army 
Washlngt 

>»■"»»■  Kovarl 

r«L.  8  22  6 

fOH/ACTIVITY  j  | 

to.  FERFORMItiO 

«*«■  US  Army 

Acamm  Fort  Sw 

MVS*TI«ATOR»  Lind! 

mmtHCi  -•il  . 

AMOCIATK  1  nOU 

til.  512  -  CA1 

ATION  |  | 

tars 

Medical  Res  fr  Dev  Command 
on,  DC  20315 

c,  J.J,  Lt  Col 

in _ 

Surgical  Research  Unit 
n  Houston,  Texas 

>erg,  R.B.,  Col,  MSC 
fe,  L.K.,  BS 

1720  -w  DA 

|*1.  TECHNOLOGY  UTILIZATION 

|  Life  Sciences 

3 a.  COORDINATION 

None 

**.  KEYWORDS  | 

Imnunitv.  Pseudomonas,  burns,  hemagglutination 
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resistance  of  Sulfamy Ion- tree ted  burn  patients  to  Invasive  Infection.  Such  a  factor 
undoubtedly  Is  Important  in  these  Injuries,  but  no  information  regarding  Immune 
response  In  •  plcally  treated  burns  exists.  The  initial  state  of  this  study  was 
^In tended  to  acquire  such  data. 

(U)  Approach  -  A  species-spec  If Ic  thermolablle  soluble  antigen  was  extracted  from 
Pseudomonas  aeruginosa  strains  and  was  used  to  sensitize  sheep  erythrocytes.  Sera 
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and  without  topical  treatment. 
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|  In  higher  antibody  to  the  more  virulent  strains.  Antibody  response  varied  directly 
with  the  concentration  of  the  drug.  Protective  role  of  such  antibody  remains  to 
be  assayed. 
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Successful  control  of  burn  wound  sepsis  with  topical 
su i f amy i on*  prompted  assessment  of  the  immune  response  in 
rats  burned,  then  seeded  with  virulent  Pseudomonas  aeruginosa 
strains  and  topically  treated.  It  was  found  that  the  most 
rapid  and  highest  level  of  antibody  appeare’-  with  strains  of 
weak  virulence.  The  most  virulent  strains  elicited  the 
least  and  slowest  antibody  response.  When  topical  therapy  was 
applied  to  infections  with  virulent  strains,  the  effect  on 
antibody  response  varied  w’ :h  cot  ntration  of  the  drug.  Ten 
per  cent  Sulfamylon  treatment  resulted  in  a  rapid,  high-titer 
response  in  a  test  system  which  used  hemagglutination  of  red 
cells  sensitized  with  a  thermostat.1  e  aqueous  extract  of  Ps. 
aeruginosa.  Reduced  concentration  of  5%  Sulfamylon  altered 
the  immune  response  radically.  With  this  concentration, 
antibody  appeared  more  slowly  with  a  lower,  biphasic  peak 
titer,  and  reflected  an  antigenic  stimilus  falling  between 
that  of  a  low-  and  high-virulence  strain. 


(1)  Immune  response  (2)  Virulence  studies  (3)  Ps. aeruginosa 


*  Sulfamylon  furnished  by  the  Sterl ing-Winthrop  Research 
Institute,  Rensselaer,  New  York. 
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IMMUNE  RESPONSE  IN  EXPERIMENTAL  BURNS  TREATED  WITH 
TOPICAL  SULFAMYLON 


Infection  in  severe  burns  has  been  e  major  cause  of 
death  in  patients  who  survive  the  initial  trauma  of  injury. 
Burn  wound  sepsis,  as  the  definitive  wound  lesion,  appears 
as  an  overwhelming  bacterial  growth  in  devitalized  tissue 
of  the  ful 1 -thickness  areas, ^  with  invasion  of  second-degree 
burn  areas  and  rapid  destruction  of  the  surviving  vascular 
bed.  The  protective  action  of  10%  Sulfamylon  HC1  (p-amino- 
methyl benzenesul fonamide  hydrochloride)*  in  a  water  disper¬ 
sible  base  has  been  demonstrated,^  with  virtual  elimination 
of  the  burn  wound  sepsis  syndrome  and  a  greatly  reduced 
mortality  in  severe  burns.  The  mechanisms  involved  in  this 
treatment  are  not,  as  yet,  understood}  for  example,  the 
bacterial  content  of  severely  burned  tissues  topically 
treated  is  dually  lowered  in  comparison  with  that  of  uncon¬ 
trolled  septic  burns,  but  the  difference  is  not  necessarily 
beyond  one  order  of  magnitude.  Similarly,  in  experimentally 
burned  rats  seeded  with  Pseudomonas  aeruginosa  and  treated 
with  10%  Sulfamylon  burn  cream,  some  survivors  exhibit  tissue 
bacterial  contents  of  up  to  10/  organisms  per  gram  of  tissue. ^ 
This  level  is  in  the  range  of  that  found  in  untreated  fatal 
infections,  yet  such  animals  showed  no  overt  difference  in 
recovery  from  others  with  tissue  leve<s  of  103  to  101*  organ¬ 
isms  per  gram.  It  has  been  suggested  frequently  that  immunity 
factors  play  a  significant  role  in  defense  of  the  patient 
against  invasive  infection,  and  an  assessment  of  such  mechan¬ 
isms  in  the  experimental  burned  seeded  rat  was  conducted. 

Materials  and  Methods 


A  sensitive  and  specific  measure  of  antibody  response 
was  needed.  After  trial  of  such  systems  as  direct  agglutina¬ 
tion,  precipitin,  and  bactericidal  antibody,^  a  hemagglu¬ 
tination  procedure,  modelled  after  that  employed  by  Neter, 
and  co-workers,  for  measurement  of  antibody  to  enteaopatho- 
genic  Escherichia  coli ,  was  selected.  The  sensitizing  anti¬ 
gen  was  prepared  by  suspending  cells  of  an  1 8-hour  culture 
of  Ps.  aeruginosa  in  physiologic  saline  solution  at  a  con¬ 
cent  ratTonomn^  per  ml.  The  washed  cells  were  heated  In 
0.9  per  cent  NaCl  solution  for  one  h«ur  at  100°  C. 


*  Sulfamylon  furnished  by  Ster 1 ing-Winthrop  Research 
Institute,  Rensselaer,  New  York. 
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The  suspension  was  centrifuged  one  hour  at  17,000  G  to  re¬ 
move  particulate  matter  and  the  supernatant  fluid  was  desig¬ 
nated  as  stock  antigen.  Sheep  red  blood  cells  in  10%  con¬ 
centration  were  sensitized  by  exposure  to  the  ai.Jgen  for 
one  hour  at  37°  C.  follov/ed  by  washing  three  times  to  rriove 
excess  antigen.  Tht  use  concentration  was  1%.  Serums  to  be 
tested  were  diluted  from  1:2  to  1:1056.  The  optimal  sensi¬ 
tizing  concentration  of  antigen  was  determined  by  sensitizing 
sheep  red  blood  cells  with  serial  dilutions  of  the  sensitizing 
extract  a. id  testing  it  against  homologous  hyperimmune  rabbit 
serum.  Figure  1  ill  us t  ates  the  pattern  of  reaction  observed 
with  strain  SRU-1 2-4-4(59),  and  the  manner  in  which  an  optimal 
sensitizing  dose  was  selected. 

The  antigen  is  referred  to  as  Polysaccharide;  its  chemical 
composition  has  not  been  determined  as  yet,  but  it  unquestion¬ 
ably  contains  a  large  polysaccharide  moiety,  together  with 
lipid,  some  protein,  and  an  appreciable  component  of  nucleic 
acids.  Dilutions  of  the  antigen  were  used  to  sensitize  sheep 
red  blood  cells  which  were  then  washed  and  tested  against 
dilutions  of  rabbit  hyperimmune  serum.  As  .  inure  1  shows  at 
dilutions  of  from  1:100  to  1:1000  a  maximum  titer  with  the 
immune  serum  for  strain  SRU  12-4-4(59)  was  recorded.  A  working 
strength  of  1:3200  as  a  sensitizing  strength  was  selected. 

With  strain  VA-134,  (Figure  2),  the  sensitization  rurve  had 
a  slightly  different  form:  in  the  optimal  combining  zone, 
from  1:100  to  1:10,000  of  the  cell  extract  hemagglutinating 
titers  of  1:6400  to  1:12,800  were  obtained  with  the  homologous 
serum.  Again,  a  median  dilution  for  sensitizing  of  1:3200  was 
selected. 

With  the  optimal  sensitizing  concentration  of  1:3200  of 
antigen,  each  test  rat  was  checked  for  pre-existing  antibody 
prior  to  seeding  with  Ps.  aeruginosa.  No  antibody  was  de¬ 
tected  In  any  normal  rat  by  this  method.  The  reaction  was 
thus  highly  specific.  Titers  of  groups  of  rats  were  averaged 
by  the  method  of  least  squares. 

Experimental  burn  sepsis  was  created  by  the  standard  seeded 
burn  model. 7  Rats  were  kept,  when  possible,  in  the  190  to 
220  gm  weight  range.  Burns  were  20  per  cent  body  surface, 
for  10  seconds  at  98°  -  100  0  C.  Seed  inocule  were  10°  cells 
unless  otherwise  noted. 
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Results 


Response  in  relation  to  virulence  of  infecting  strain, 

A  wide  variation  in  virulence  of  Ps.  aeruginosa,  as  assessed 
by  burn  wound  invasion,  has  been  demonstrated  in  this  labora¬ 
tory.  Four  strains  designated  VA-134,  SRU  8-28-3(63) ,SRU 
12-4-4(59),  and  SRU  12-2-2(65)  were  tested.  In  virulence, 
these  ranged  as  follows: 

VA-134  :  100%  virulent;  death  from  3  to  7  days,  depending 

on  size  of  rat. 

SRU  8-28-3(63):  100%  virulent;  death  in  5  to  10  days. 

SRU  12-4-4(59) :  Virulence  varying  between  i 00%  and  75%  in 
different  sets  of  animals. 

SRU  12-2-2(65):  Lethal  for  10  to  20%  of  rats  seeded. 

An  inverse  relationship  in  antibody  response  with  relation 
to  virulence  was  observed  (Figure  3) •  VA-134,  the  most  viru¬ 

lent  strain,  effected  agglutinin  at  1:2  level  at  72  hours 
after  seeding.  The  titer  rose  rapidly  to  a  mean  level  of  1:14, 
then  declined  to  approximately  1:8  at  the  time  of  death.  The 
rise  in  titer  was  the  slowest  of  any  strain  observed.  With 
strain  SRU  8-28-3(63),  equally  virulent  but  slower  to  kill, 
a  titer  of  1:2  was  observed  at  the  third  postburn  day.  This 
level  rose  somewhat  more  rapidly  than  with  VA-134  to  a  mean 
level  of  1:40  at  the  fifth  post-infection  day,  then  more 
slowly  to  a  peak  level  of  1:90,  after  which  a  drop  occurred 
in  surviving  rats  up  to  the  longest  survivals  at  day  10. 

The  fastest  antibody  response  appeared  in  animals  seeded 
with  strain  SRU  12-4-4(59).  At  the  third  postseeding  day  a 
titer  of  1:3.5  was  found;  this  rose  rapidly  to  1 s 1 6  at  four 
d.-,s  postseeding,  to  1:64  at  day  five,  and  reached  a  first 
peak  at  eight  days  postburn,  at  1:164.  A  slight  but  consis¬ 
tent  drop  in  titer  occurred  by  day  10;  it  is  tempting  to 
speculate  that  such  a  fall  coincides  with  a  period  of  prolifera¬ 
tion  of  bacteria  in  the  tissues.  In  any  event,  survivors  in 
this  series  exhibit  a  later  rise  to  a  titer  of  1:256.  Ob¬ 
servations  on  survivors  of  this  strain  are  continuing,  but 
at  this  time  were  completed  only  through  day  30.  The  drop 
in  titer,  it  will  be  noted,  resemble*,  that  seen  with  100% 
lethal  strins  in  the  two  days  preceding  death.  The  least 
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virulent  strain,  killing  never  more  than  one-fifth  of  the 
test  animals,  prompted  the  highest  antibody  response,  al¬ 
though  the  rise  was  slightly  slower  than  that  of  SRU  12-4-4(59)* 
Peak  titer  was  reached  at  day  nine,  and  declined  only  from 
1:320  to  1:128  at  50  postburn.  Strains  of  this  order  of 

virulence  are  capable  of  penetrating  viable  tissue  but  do  not 
go  on  to  a  lethal  sepsis,  unlike  the  behavior  of  virulent 
strains .® 

Effect  of  treatment  on  antibody  response.  When  rats 
were  infected  with  virulent  strains  of  Pseudomonas  and 
treated  in  the  standard  manner  as  developed  in  this  labora¬ 
tory  (3  gm  of  10%  Sulfamylon  burn  cream  once  daily,  starting 
at  2^  hours  oostseeding  and  continuing  for  10  daily  treat¬ 
ments),  the  rats  survived  the  infection.  Antibody  response 
was  measured  in  20  rats  selected  from  successive  therapy 
studies.  Figure  4  shows  the  antibody  responses  observed. 

The  response  grouped  clearly  in  two  clear-cut  increments, 
designated  here  as  "early"  and  "late"  antibody  rise.  This 
pattern  appears  to  be  strain-related.  Other  virulent  strains, 
on  preliminary  observations,  have  not  shown  this  paradoxical 
behavior. 

The  antibody  response,  in  relation  to  resistance  of  the 
animals  to  a  potentially  lethal  burn  ii  feet  ion,  indicates  that 
survivors  of  such  a  challenge  are  potentially  capable  of 
putting  forth  a  much  more  rapid  and  a  higher  antibody  response 
than  occurs  with  the  unprotected  burn.  The  response  with 
this  lethal  strain  resembles  that  seen  in  infection  with  a 
strain  of  limited  lethality.  To  the  extent  that  the  burned 
human  patient  contributes  3  defense  mechanism  to  the  control 
of  burn  wound  sepsis,  this  response  could  represent  an  op¬ 
timal  immune  reaction  in  the  treated  burn.  An  explanation 
for  late  responding  animals  is  not  yet  available;  it  is, 
indeed,  possible  that  the  challenge  presented  by  this  viru¬ 
lent  organism  is  such  that  a  slight  difference  in  early  in¬ 
vasion  would  result  in  a  more  intense  proliferation  of  bac¬ 
teria  and  a  reduction  in  circulating  antibody.  The  two 
response  zones  are  valid  entities  with  the  strain  being  used. 

It  is  net  certain  that  ail  virulent  strains,  when  topically 
treated,  call  forth  two  different  patterns  of  response  in 
different  groups  of  rats. 

Antibody  differences  wit h  different  dosage  levels  of 
Sulfamylon.  The  selection  of  optima!  "dosage  of  Suifamylon 
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was  originally  made  '0  on  the  basis  of  survival  of  seeded 
rats,  treated  with  graded  amounts  of  drug.  The  question 
remained,  however,  as  to  whether  less  than  an  optimal  dose 
of  chemotherapy  would  be  actually  detrimental  to  the  patient 
The  nature  of  the  protective  mechanism  with  partial  bacterio 
stasis  is  of  practical,  as  well  as  theoretical  importance. 
The  conditions  of  burn  management  often  result  in  presence 
on  the  wound  of  reduced  concentrations  of  drug,  and  in 
practice,  one  must  assume  that  reduced  amounts  of  medica¬ 
tion  are  present  on  many  burn  wounds.  A  comparison  of 
immune  response  on  burned,  seeded  rats  was  carried  out 
using  a  succession  of  strains  of  varying  virulence.  Treat¬ 
ment  consisted  of  10%  and  5%  Sulfamylon  on  groups  of  rats 
burned  and  seeded  with  Ps.  aerugi nosa  strain  SRU  8-28-3(63), 
VA-134,  and  SRU  12-4-4(59).  The  animals  were  treated  for 
10  days  starting  on  the  first  postburn  day  with  the  custom¬ 
ary  3  gm  of  Sulfamylon  burn  cream.  The  antibody  response 
patterns  for  SRU  strain  8-28-3(63)  are  shown  in  Figure  5. 

The  antibody  response  is  based  on  equal  numbers  of  sur¬ 
viving  rats.  However,  a  striking  difference  in  antibody 
response  appeared  when  therapy  at  a  reduced  intensity  was 
employed.  The  10%  Sulfamylon  permitted  a  very  rapid  anti¬ 
body  rise,  with  a  peak  titer  approached  in  seven  days.  The 
response  resembled  that  caused  by  infection  with  a  weak 
virulent  strain.  Antibody  level  fell  slowly  over  a  two- 
month  period,  to  a  level  of  one-third  the  peak  titer. 

Again,  two  forms  of  antibody  response  occurred,  one  early, 
the  other  late.  All  animals  survived.  With  5%  Sulfamylon, 
80%  of  the  treated  rats  survived,  and  survivors  resembled 
those  surviving  with  10%  Sulfamylon  treatment.  But  anti¬ 
body  response  began  mc-j  slowly  than  with  the  10%  drug, 
rose  to  only  one-eighth  the  titer  reached  with  the  10% 
treatment,  and  showed  a  sharp  fall  in  titer  at  10  days,  with 
a  secondary  rise  to  a  peak  at  20  postburn  days.  This  fall 
in  t.i ter  appeared  two  days  after  the  most  common  time  of 
death  in  unprotected  control  rats,  and  it  seems  probable 
that  an  exacerbation  of  infection  occurred  in  the  rats, 
reaching  a  peak  at  which  point  the  protective  action  of 
the  drug  still  effected  survival  of  most  of  the  rats.  With 
the  5%  Sul famylon-treated  rats,  no  antibody  appeared  at 
all  until  postburn  day  10,  at  which  point  a  weak  rise  to 
a  1:8  titer  was  recorded.  The  antibody  roughly  paralleled 
the  course  of  the  early-rise  set  of  rats  under  5%  concen¬ 
tration,  but  the  amount  of  antibody  was  vastly  decreased. 
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01 scussion 


The  inverse  relationship  between  virulence  of  strain  and 
rate  and  degree  of  antibody  response  had  not  been  previously 
known.  The  phenomenon  offers  an  insight  into  possible  ex¬ 
planations  for  the  virulence  mechanism  with  tissue  infection 
involving  Pseudomonas .  Virulent  strains  may  proliferate  more 
rapidly  (although  this  has  not  been  demonstrated  as  yet)  so 
that  antibody  as  forced  is  found  by  tl’i  proliferating  cells. 
Another  possibility  is  the  absence  of  effective  antigen  in 
the  more  virulent  strains,  although  these  strains  in  rabbits 
called  forth  effective  antibody  response. 

It  is  possible  that  this  procedure  could  point  to  maxi¬ 
mally  effective  antigens,  if  search  for  an  immunizing  antigen 
were  being  conducted. 

When  the  factor  of  topical  treatment  is  imposed  on  the 
burn  infection,  a  marked  alteration  in  antibody  response 
occurs.  With  the  10%  Sulfamylon  dosage,  antibody  rose  rapidly 
in  a  manner  strikingly  similar  to  that  seen  with  untreated 
infections  wi ih  strains  of  low  virulence,  while  5%  Sulfamylon 
called  forth  a  delayed,  weaker  antibody  response.  For  this 
reaction,  there  is  no  counterpart  in  the  trials  with  antibody 
response  in  untreated  infections. 

A  plausible  hypothesis,  prompted  by  this  admittedly  small 
number  of  strains,  is  that  the  nature  of  the  infection,  in 
the  presence  of  Sulfamylon,  is  altered,  but  remains  an  active 
infectin'  ;>  process  which  brings  bacteria  into  contact  with 
viable  tissues.  Either  the  actual  number  of  organisms  is 
greatlv  reduced,  or  an  alteration  in  growth  or  metabolism 
of  the  Pseudomonas  strains  is  imposed  by  the  Sulfamylon.  Thus 
the  presumed  overwhelming  infection  may,  in  fact,  beetposure 
to  an  altered  organism,  which  prompts  a  lessened  antibody 
response. 

The  anomolous  antibody  response  demonstrated  in  this  ex¬ 
perimental  burn  infection  calls  for  further  study  to  de¬ 
lineate  the  reaction  in  animals,  and  to  assess  Sulfamylon- 
treated  burned  patients  to  determine  the  nature  of  their 
response  to  Pseudomonas  infection.  As  shown  in  other  sec¬ 
tions  of  this  Annual  Report,  the  control  of  burn  wound  sepsis 
has  not  eliminated  £*.  aeruginosa  from  the  patients'  environ¬ 
ment.  In  view  of  the  experimental  evidence  that  heightened 
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antibody  response  is  effected  by  reducing  the  concentration 
of  bacteria  in  the  wound,  the  clinical  exposure  of  burned 
patients  today  may  constitute  a  potent  immunizing  factor 
for  Pseudomonas  aeruginosa. 
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*Xu)  Tech  Objective  -  A  basic  need  In  laboratory  procedures  for  burn  wound  study  Is  a 
simple  valid  method  for  determining  qualitatively  and  quantitatively  the  surface 
flora  of  the  burn  and  correlating  this  Information  with  the  threat  of  infection  on 
the  progress  of  healing  of  the  burn  wound.  Swab  technic  Is  inadequate  for  this 
purpose;  biopsy  Is  too  complex  and  may  be  hazardous.  A  technic  to  accompl Ish  the 
Jasired  objectives  was  sought. 

(U)  Approach  -  Bactarlologlc  culture  plates  were  modified  by  Incorporation  of  a  gauze 
strip  projecting  out  of  the  Petri  dish  to  permit  reaoval  of  the  agar  and  its  appllce* 
tlon  to  tlssuo  surfaces.  An  Impression  culture  of  wound  surfaces  was  obtained,  and 
quantitation  of  surface  flora  Is  uade  by  colony  count. 

(U)  Progress  (Jul  65-Jun  66)  *  The  contact  plate  technic  has  furnished  quantitative 
data  on  the  rate  and  extent  of  colonization  of  the  bum  wound,  the  nature  of  the 
aiurfece  flora  which  connotes  invasive  Infection  and  conversely  the  bacterial  content 
and  growtn  relationships  which  accompany  a  satisfactorily  healing  wound.  The  effect 
of  topical  therapy  on  the  burn  wound  flora  has  bean  thus  essassed.  It  Is  an  essential 
to.')  In  the  laboratory  evaluation  of  bum  wound  treatment. 
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A  method  has  been  perfected  for  taking  impression  plates 
of  burn  wounds  and  tissue  surfaces.  The  procedure  displays 
the  entire  flora  of  the  burn  wound,  demonstrates  relative 
concentrations  of  the  different  organisms  present,  delineates 
patterns  of  growth  as  they  may  be  related  to  the  state  of 
healing  or  infection  present  in  the  wounds,  and  is  ideally 
suited  to  culturing  homograft  beds  and  other  exposed  tissue 
surfaces.  It  has  been  extensively  applied  in  several  hundred 
burn  coses. 


(1)  Burn  wounds 

(2)  Culturing 
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A  NEW  TECHNIC  FOR  CULTURING  BURN  WOUNDS  AND  OTHER  SURFACES 


Conventional  technic  in  wound  culture  consists  of  rubbing 
a  swab  over  the  area  in  question,  then  streaking  the  swab  on 
culture  media.  The  swab  is  usually  sent  to  the  laboratory 
to  be  applied  to  culture  media.  Transport  media,  hopefully, 
are  used  to  maintain  the  flora  in  an  unaltered  state,  but 
this  is  uncertain  at  best;  at  worst,  drastic  changes  occur 
in  recoverable  bacterial  content  before  the  specimen  reaches 
culture  media.  The  swab  offers  little  information  as  to  the 
quantity  of  bacteria  on  a  wound,  nor  their  proportionate  dis¬ 
tribution  as  to  species  and  strains.  Quantitation  of  flora 
from  swab  cultures  is  strikingly  variable  since  technic  of 
taking  swabs  varies  widely.  The  technic  is  virtually  impos¬ 
sible  to  standardize.  Many  hospitals  encourage  ward  personnel 
doctors,  nurses,  or  attendants — to  plate  out  swabs,  but 
in  the  hands  of  the  inexperienced,  this  is  seldom  a  success. 
The  usual  result  of  plating  out  cultures  by  non-laboratory 
personnel  is  an  over-inoculated  plate,  subject  to  consider¬ 
able  delay  in  assessment  of  its  growth. 

Prompted  by  the  need  for  a  more  informative  technic  for 
sampling  burn  and  operative  wounds,  a  technic  was  devised 
for  applying  the  sheet  of  agar  in  the  petri  dish  direct 
to  the  surface  to  be  cultured.  This  procedure  has  been 
carried  out  on  over  2000  cultures;  it  is  described  and  evalu¬ 
ated  herein.* 

Method 


Petri  dishes  were  prepared  with  strips  of  surgical  gauze 
lining  the  dish,  with  tabs  of  gauze  ©(tending  outside  the  petri 
dish.  Trial  has  shown  the  two  layers  ( not  more)  of  gauze 
are  the  right  amount  to  hold  the  agar  solidly.  The  strips 
are  cut  two-inches  wide.  The  media  is  poured  in  the  dish  as 
usual;  about  18  ml  of  blood  agar  is  optimal.  Any  agar  sub¬ 
strate  can  be  used.  The  dishes  can  be  stored  with  no  contamin 
ation  problem.  To  use  the  agar  sheet,  the  dish  cover  is 


*  A  year  after  this  procedure  was  developed,  the  senior 
author  found  a  description  of  a  similar  procedure  by  Foster J 
It  is  possible  that  the  idea  has  been  applied  elsewhere;  it 
is  by  its  nature  difficult  to  categorize  and  hence  tends  to 
be  overlooked. 
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removed, and  the  agar  removed  by  holding  the  two  gauze  ends 
and  lifting  the  sheet  out.  No  Indication  of  aerial  contam¬ 
ination  has  occurred.  The  cultures  are  taken  at  the  bedside, 
in  the  operating  room,  or  wherever  a  wounded  surface  Is  of 
interest.  The  flexible  agar  sheet  conforms  readily  to  a 
variety  of  surfaces.  If  it  is  obvious  thct  the  sheet  cannot 
adequately  contact  all  surfaces,  it  is  a  simple  matter  to 
use  a  Kelly  forceps  or  other  sterile  instrument  to  push  the 
agar  sheet  against  the  surface. 

Figure  1  shows  the  agar  sheet  being  removed  from  the 
petri  dish.  Figure  2  illustrates  the  taking  of  a  surface 
culture;  while  Figure  3  shows  a  culture  being  taken  on  a 
burned  child  on  admission.  The  agar  adheres  readily  to  tissue 
surfaces;  the  gauze  "handles",  can  then  be  tugged  gently  to 
move  tissue  and  agar  sheet  together.  This  apparently  has  the 
effect  of  opening  crevices  in  the  wound  surface  whence 
bacteria  are  picked  up  by  the  agar  sheet.  The  sheet  is  or¬ 
dinarily  kept  in  contact  with  the  wound  surface  for  one  to 
two  seconds.  It  is  then  lifted  off,  turned  so  that  the 
inoculated  side  is  up,  and  placed  in  the  cover  of  the  petri 
dish;  the  bottom  of  the  dish  is  then  inverted  over  the  agar 
sheet.  The  plate  Is  incubated  without  further  manipulation. 

The  occasional  presence  of  spreading  colonies  presents  a 
problem;  for  this  reason,  as  well  as  in  the  primary  objec¬ 
tive  of  obtaining  prompt  information  on  the  wound  flora, 
plates  are  usually  taken  with  two  media.  Routine  use  calls 
for  Eosen  Methylene  Blue  and  B.ood  Agar;  any  other  formula 
can  be  used.  The  method  is  suited  to  almost  any  surface: 
floors,  furniture,  equipment,  faucets,  door  knobs  -  all  can 
be  covered. 

R.  »u<  “  j 


The  plates  are  read  in  the  customary  manner,  and  sub¬ 
cultured  for  Identification  as  needed.  Overgrowth  may  be 
a  problem  in  heavily  contaminated  wounds,  but  in  a  series  of 
500  plates  (250  surfaces  cultured  with  two  plates  each) 
there  were  fewer  than  five  per  cent  of  the  specimens  in  which 
massive  overgrowth  precluded  prompt  assessment  of  tlie  growth. 
The  quantity  of  growth  actually  serves  as  an  indicator  of 
the  degree  of  inf-’-tion.  Plates  with  two  media  appear  as 
replicates;  thus  the  absence  of  a  colony  on  selective  medium 
and  its  presence  on  Blood  Agar  may  furnish  all  the  informetion 


The  agar  sheet  being  removed  from  the  petri  dish 


Figure  2,  Taking  of  a  surface  culture. 


being  taken  on  a  burned  child  at  acirm 
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needed  to  effect  a  prompt  identification. 

A  facet  of  wound  flora  previously  unsuspected  has  been 
observed  in  the  pattern  o.  bacterial  growth.  A  wound  subject 
to  unchecked  bacterial  growth,  particularly  a  ,;i  rn  wound 
sepsis,  may  initially  have  a  sparse  flora  on  contact  cul¬ 
ture.  Subsequent  developments  have  shown  that  the  wound 
reverted  to  a  septic  invasive  process  and  simultaneously  ex¬ 
hibited  a  tremendous  increase  in  surface  flora.  Thus,  although 
if  can  not  be  said  that  the  technic  furnishes  a  generally 
applicable  tool  for  clinical  guidance,  it  has  proven  to  be  so 
in  several  instances. 

Pi scussion 

The  surface  culture  technic  described  has  been  applied 
to  over  2000  wound  surfaces.  A  subsequent  development  has 
been  the  perfecting  of  a  simple  35  mm  camera  assembly  for 
photographing  selected  plates  at  the  time  they  are  catalogued. 
This  permits  the  bacteriologist  to  retain,  not  only  a  log  of 
the  identity  and  approximate  concentrat*on  of  specific  or¬ 
ganisms,  but  a  visualization  of  the  manner  of  growth  and 
the  colonial  morphology. 

The  procedure  has  permitted  the  development  of  a  rationale 
regarding  the  sequence  in  which  the  burned  patient  is  colonized 
after  his  arrival  on  the  ward.  It  has  clarified  the  r  tatfon- 
ship  of  various  manipulative  procedures  to  the  burn  wound 
flora;  (reference  hare  is  to  the  effect  of  scrubbing,  hydro¬ 
therapy,  and  other  manipulations  on  the  surface  flora  of  the 
burn).  The  procedure  is  extremely  well  suited  to  asstssir 
the  bacterial  f  !•>•'#  of  nomog-aft  beds,  and  has  been  used  for 
this  purpose  if  surgery.  It  can  be  suited  to  a  variety  of 
surfaces  and  situation*,  and  4r«  recent  month*  several  surgeons 
on  the  Surgical  Research  Unit  staff  have  begun  to  collect 
cultures  at  times  when  the  question  of  surface  fle  a  was  of 
particular  interest. 

The  interpretation  of  burn  wound  culture  in  relat  on  to 
the  state  of  the  patients'  illness  is  a  topic  that  cannot  be 
suronarized  *t  this  tim».  Based  on  the  surface  culture  technic, 
analysis  of  this  info,  r ion  ij  to  be  carried  out. 
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Experimental  burn  wounds,  chemotherapy  formulations.  Sulfwwlon 
*(U)  Tech  Objective  -  Search  for  a  moans  of  preventing  burn  wound  sepsis  (BWS)  led  to  I 

development  of  a  bacteriostatic  burn  cream  with  Sulfamylon  (supplied  by  Starling 
Wlnthrop  Res.  Inst.)  hydrochloride  (p-amlno  methyl  benzene  sulfonamide  HC1)  10%  In  a  j 

water-dispersible  ointment  base.  The  clinical  use  of  this  material  since  1  Jan  1984  ' 

has  resulted  in  virtual  ‘elimination  of  BWS  as  a  clinical  entity  end  cause  of  death 
I  with  a  corresponding  lowering  of  mortality  rate  in  burn  patients  thus  treated.  A  side 
'effect  of  hyperchloremia,  with  an  Increased  acid  load,  was  encountered  1 1.  some  extan- 
I  slve,  Suifaraylon-treated  burns,  end  search  for  a  modification  of  the  drug  which 
would  reduce  this  effect  was  made. 

i  (U)  Approach  -  Sulfamylon  modifications  included  a-’,  act  ate,  -gluconate,  and  -acetate. 

The  acetate  proved  to  be  most  stable  and  was  supplied  by  Sterling  Wlnthrop  Res.  Inst. 

I  Pseudomonas  burn  rat  model  used  as  screening  device.  End  point:  survival  of  an 
I  UD-100  preparation. 

(U)  Progress  (Jul  65-Jun  66)  -  Sulfamylon  acetate  was  slightly  less  active  jp  vitro 
i,£gelnst  Pseudomonas  ae  rug  I  nose  than  Sulfamylon  HC1.  In  tha  burnad  seadad  rat,  pravan- 
|  tlon  of  deaths  was  s I ightiy  less  with  acetate  then  with  NCI.  The  dlfferenca  In 
|  effectiveness  was  more  apparent  with  highly  virulent  challenge  strains.  Tha  behavior 
j  of  Sulfamylon  acetate  Justified  Its  trial  I r.  human  bum  patients,  but  e  comparative 
|  trial  was  strongly  Indicated. 
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A  comparative  trial  of  Sulfamylon  hydrochloride  (p-amino- 
methylbenzenesul fonamide  hydrochloride)*  and  Sulfamylon  achate 
(p-aminomethylbenzenesulfonamide  acetate)*  was  carried  out  using 
burned  rats  seeded  with  Pseudomonas  aeruginosa  and  treating 
them  with  the  two  forms  of  the  drug.  The  prevention  of  deaths 
was  similar,  but  the  hydrochloride  was  slightly  superior  to 
the  acetate,  especially  in  treatment  of  the  more  virulent  forms 
of  Ps .  aeruginosa .  In  vitro  comparison  revealed  a  similar 
difference  in  inhibitory  action  between  the  hydrochloride  and 
acetate.  The  Sulfamylon  HCL  was  slightly  more  effective  in 
inhibiting  Ps.  aeruginosa. 


(1)  Sulfamylon  HC1  (3)  Pseudomonas  aeruginosa 

(2)  Sulfamylon  acetate  (4)  Infection 

*  Sulfamylon  furnished  by  Sterl  fng-Winthrop  Research  InstUute, 
Rensselaer,  New  York. 
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A  COMPARISON  OF  SULFAMYLCU  HYDROCHLORIDE  AND  SULFAMYLON  ACETATE 
TN  CONTROL  OF  EXPERIMENTAL  BURN  WOUND  INFECTIONS 


Early  in  tha  Course  of  treatment  of  patients  with  Sulfa- 
mylon  hydrochloride  (HCl)'v»(p-ami nomethyl benzenesulfonamide 
hydrochloride),  the  impression  arose  that,  in  very  large 
burns  or  in  patients  with  a  considerable  component  of  res¬ 
piratory  impairment,  a  chloride  ^ad  arising  from  the  break¬ 
down  of  the  compound  oould  appear  and  act  as  a  factor  in 
producing  or  enhancing  acidosis  with  deleterious  effects. 

In  the  search  for  formulations  to  avoid  this  effect,  an  ace¬ 
tate  was,  at  the  request  of  this  Unit,  prepared  by  the 
Sterling-Winthrop  Research  Institute.  It  has  been  tested 
extensively  in  the  SRU  rat  model,  and  is  currently  undergoing 
clinical  trial.  The  animal  trials  are  summarized  in  this 
report. 

Methods 


The  Sulfamylon  acetate  (p-ami nomethyl benzenesulfonamide 
acetate)  represents  a  slightly  larger  proportion  of  the 
molecule  as  acetate  in  contrast  to  the  molecular  weight  of 
the  HC1 .  Hence,  to  provide  equi-molar  concentrations  of  the 
sulfamylon  itself,  allowance  was  made  for  the  added  weight 
of  the  acetate,  which  was  made  up  in  weight  per  volume  to  a 
concentration  of  11  per  cent.  This  represents  the  same  amount 
of  sulfamylon  that  is  contained  in  10%  Sulfamylon  HC1.  To 
avoid  confusion,  the  acetate  concentration  will  be  referred 
to  as  "10%  sulfamylon  acetate". 

The  initial  experiments  were  directed  toward  learning 
whether  the  acetate  was  the  equal  of  the  hydrochloride  in 
preventing  burn  wound  sepsis  in  the  seeded  burned  rat.  The 
criterion  was  death  or  survival,  as  it  was  in  the  development 
of  the  Sulfamylon  HC1  as  a  therapeutic  agent.  The 'trial 
concentrations  of  the  drug  were  ultimately  reduced  to  in¬ 
crease  the  mortality  rate  and  offer  a  more  intelligible 
zone  of  difference  should  such  be  present.  The  standard 
procedure  was  to  seed  rats,  then  start  topical  treatment  24 
hours  later  and  continuing  for  10  dai  y  treatments  of  3  gm 
per  rat. 


*  Sulfamylon  furnished  by  Sterling-Winthrop  Research 
Institute,  Rensselaer,  New  York. 
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The  conditions  of  the  test  system  are  difficult  to  accom¬ 
plish  at  all  times*  and  in  some  experiments  the  optimal  rat 
weight  was  n.ot  available.  Over  25  different  experiments, 
using  different  concentrations  of  drug  and  different  challenge 
strains, were  performed.  A  total  of  788  rats  to  date  have- been 
uti  Hzed. 

Results 


The  results  of  the  numerous  experiments  comparing  the  two 
drugs  are  summarized  in  Table  1. 

It  is  evident  that  in  general  the  two  forms  of  sulfamylon 
here  tested  were  similar  in  their  effect  on  infected  burns, 
but  they  were  not  identical.  With  the  VA-134,  which  is  the 
most  virulent  test  strain  in  use,  the  10%  hydrochloride  per¬ 
mitted  4  out  of  9  survivals,  while  only  one  of  12  survived 
with  the  acetate.  Seven  of  25  rats  survived  with  5%  treat¬ 
ment  with  HCI;  only  two  of  25  survived  with  acetate.  One  of 
five  even  survived  treatment  with  2*&  HC1;  none  survived  with 
acetate.  Survival  times  were  similar  with  both  drugs. 

With  SRU  8-28-3(63),  a  100  per  cent  virulent  strain  but 
less  deadly  to  burned  rats  than  VA-134,  results  were  more 
closely  matched,  but  slight  differences  appeared.  Forty- 
four  rats  survived  out  of  52  at  10%  treatment  with  HC1 ;  42 
survived  of  51  with  the  acetate.  Survival  with  the  5% 
emulsion  was  similar  for  both  drugs ;  with  the  2.5%  concen¬ 
tration,  a  slight  increase  in  survivals  with  the  HCI  over 
the  acetate  was  found. 

With  strain  SRU-12~4-4( 59) ,  the  least  virulent  of  the 
test  si.  as,  results  were  almost  identical  for  both  drugs. 
Survival  times  were  essentially  identical. 

In  vitro  tests  of  Sulfamylon  HCI  and  Sulfamylon  acetate 
showe3  that  the  former  is  slightly  more  inhibitory  to  Pseudo¬ 
monas  aeruginosa  than  is  the  acetate.  The  comparison  Ts 
presented  Tn  Table  2. 

The  test  population  for  this  series  was  collected  from 
wound  cultures,  blood  cultures, and  urine  cultures  during  1965. 
It  is  apparent  that  the  two  compounds  have  a  similar  degree 
of  activity  in  suppressing  Pa.  aeruginosa,  but  the  HCI  once 
again  is  slightly  more  effective  than  the  acetate.  This 
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distinction  is  more  readily  recognized  in  graphic  form  (Fig.). 

In  the  figure  it  is  apparent  that  66%  of  the  strains  are 
inhibited  by  0.039%  of  the  hydrochloride,  which  level  of  ace¬ 
tate  inhibits  58%.  Below  this  concentration  all  are  tolerant. 

At  approximately  0.1%  concentration  (or  100  mg%)  the  hydrochlor¬ 
ide  would  inhibit  84%  of  the  strains  tested.  The  acetate 
would  inhibit  78%.  At  0.156%  concentration,  the  difference 
is  greatest.  Here  the  acetate  inhibited  33%  of  the  strains, 
while  the  HC1  inhibited  93%. 

The  difference  is  not  great  but  it  is  real.  It  is  of 
particular  interest  since  the  difference  in  protection  with 
the  acetate  and  the  HC1  is  also  slight  but  real.  It  must 
be  assumed  that  a  slight  but  real  difference  will  exist  in 
antibacterial  action  in  the  human  as  well.  Whether  this  would 
have  a  significant  effect  on  the  clinical  outcome  in  treating 
burn  cases  can  only  be  learned  by  experience,  but  the  results 
enjoin  caution  in  using  the  Sulfamylon  acetate  until  its  effi¬ 
cacy  in  patients  at  maximum  risk  is  established. 

Discussion 

The  consolidation  of  comparative  trials  with  Sulfamylon 
HC 1  and  Sulfamylon  acetate  permits  the  conclusion  that  the 
two  drugs  do  affect  the  experimental  burn  wound  sepsis  model 
in  a  comparable  manner.  There  are  several  areas,  however, 
where  the  hydrochloride  looks  slightly  more  effective.  It 
would  appear  valid,  with  these  data,  to  permit  the  results 
of  clinical  comparative  trial  to  be  the  deciding  factor. 

Even  if  the  hydrochloride  is  slightly  more  effective  in  con¬ 
trol  of  infection,  the  acetate,  if  otherwise  preferable,  would 
be  likely  to  control  infection  in  a  manner  acceptably  equi¬ 
valent  to  that  demonstrated  by  the  Sulfamylon  hydrochloride. 
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”(U)*-Tech  Objective  -  To  determine  the  relationship  between  density  of  seeding  of 
burned  rats  with  Pseudoeonas  aeruginosa,  virulence,  and  lethctlty.  To  evaluate 
Intensity  and  spacing  of  topical  therapy  In  presence  of  strains  of  varying  virulence. 

! 

(U)  Approach  -  Burned  saeded  rats  were  punch  b I  ops  led  at  intervals  to  determine 
^bacterial  population  of  the  burn  os  established  by  different  'trains  and  regimens  1 
of  treatment. 

(U)  Progress  (jut  65-Jun  66)  -  Strains  of  lesser  degrees  of  v}ry!*nce  established 
fixed  levels  of  population  In  tiroes  without  correlation  to  intensity  of  chaao- 
therapy.  Highly  lethal  -.trains  with  reduced  inocule  produced  verying  levels  of 
tissue  Inveslon  .s  a  strain-related  attribute,  hosage  schedules  permitting  100% 
survival  with  a  lathal  strain  did  not  of  necessity  reduce  the  bacterial  content  i 

more  the  1.5  logs  below  .hat  saen  In  controls.  j 
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A  punch  biopsy  procedure  has  been  developed  for  deter¬ 
mining  the  bacterial  content  of  the  eschar  of  the  burned  rat. 
The  procedure  made  possible  serial  observations  on  treated, 
infected  rats,  and  revealed  that,  parti cul arl y  wi th  highly 
virulent  strains,  a  dosage  schedule  which  will  save  most  rats 
will  not,  of  necessity,  reduce  the  wound  content  more  than 
1.5  logs  below  the  level  reached  in  the  lethal  control  infec¬ 
tion.  With  less  virulent  strains,  a  low  constant  level  of 
Pseudomonas  persists  in  the  treated  rat.  Infections  set  up 
with  10*+  organisms  instead  of  the  usual  10^,  showed  diverse 
patterns  of  proliferation  in  the  burn.  Some  remained  at  a 
low  level  throughout  the  course  of  healing;  others  produced 
levels  of  107  but  survival  still  occurred.  Highly  lethal 
strains  can  readily  kill  even  when  reduced  by  b  logs  in 
inoculum. 


(1)  Burn  infection 

(2)  Bacterial  coun 


B i OPS V  OF  THE  BUKNff,  SEEDED  RA ;  AS  A  MEANS  OF  EVALUATING 
3 URN  THERAPY  AND  PATHOGENESIS  OF  INFECTING  MICROORGANISMS 


The  development  of  the  burn  wound  sepsis  concept,  ar>H  or 
topical  sulfamylon  cream  for  treatment  of  burns  were  carried 
out  with  observations  on  groups  of  burned  and  scc-oed  rats,  in 
which  survival  of  the  treated  animal  was  the  principal  criter¬ 
ion  of  therapeutic  effectiveness.^  Quantitative  studies  were 
made  by  sacrificing  animals  out  of  a  series,  collecting  tissues 
in  gram  amounts,  and  conducting  the  quantitative  autopsy  as 
would  be  done  on  a  human  subject.  A  quantitative  serial 
sampling  technic  which  could  assess  progress  of  infection  and 
the  animal's  response  to  chemotherapy  without  dispatching  the 
rat.  was  needed.  Thus  serial  observations  could  be  made  at 
a  leaser  expense  of  material  and  effort,  and  with  continuous 
observation  of  each  individual  animal.  Such  a  procedure  has 
been  developed  and  validated  and  is  being  used  to  study  re¬ 
sponse  to  chemotherapy,  to  evaluate  new  drugs,  and  to  elabor¬ 
ate  the  pathogenic  mechanisms  of  burn  wound  infection. 

Materials  and  Methods 

The  established  method  of  quantitative  bacteriology  has 
involved  dispatching  the  animal,  collecting  one  gram  amounts 
of  burn  wound,  grinding  the  sample  in  a  Ten  Broeck  grinder, 
and  making  serial  dilutions  of  the  homogenate.  An  initial 
dilution  of  two  volumes  of  broth  per  volume  of  eschar  is 
needed  to  effect  the  grinding.  The  process  is  time-consum¬ 
ing  and  must  be  carried  out  in  the  cold  to  minimize  error  due 
to  growth  of  bacteria  in  the  tissue  slurry. 

The  biopsy  procedure,  attempted  first  with  excision  of 
burn  tissue  with  scalpel,  has  been  carried  out  with  a  Cutaneous 
Biopsy  Punch  Set,  FSN  6515-299-8716.  Plugs  of  skin  and  eschar 
ran  be  readily  collected;  after  initial  reliance  on  the  smaller 
diameters,  the  8  mm  punch  is  now  used  with  complete  success. 

The  surface  to  be  sampled  is  cleansed  with  70  per  cent  isopro¬ 
pyl  c ! ccf.s !  ^nd  sponges,  blotted  dry,  and  the  punch  is  passed 
down  to  the  muscle  or  fascial  plane.  Trial  sizes  of  the  punch 
led  to  selection  of  the  8  mm  size,  which  collected  a  block  of 
tissue  of  approximately  0.05  gm.  Since  personnel  cannot  always 
be  spared  For  final  culturing  when  samples  are  taken,  a  system¬ 
atic  p-^cedure  of  freezing  all  blocks  has  been  established. 
Fifty  •  plastic  dishes,  with  tight-fitting  lids,  are  tared  to 
facilitate  weighing  the  sample.  The  biopsies  (which  can  be 
collected  very  quickly)  are  placed  in  the  dishes,  sealed. 


weighed  and  frozen  at  -/0  until  ready  for  assay.  Grinding  is 
far  easier  than  is  the  case  with  an  entire  gram  of  tissue. 

The  dilution  sequence  is  carried  out  by  adding  1,8  ml 
of  broth  to  each  tube,  assessing  an  empirical  volume  of  0.2 
ml  to  each  biopsy.  With  an  initial  dilution  of  1:10  serial 
dilutions  of  10"',  I0"3,  etc.,  are  carried  out.  Correction  of 
count  based  on  the  actual  weight  of  the  tissue  block  is  done 
after  the  count  is  made. 

Resul ts 


An  obvious  question  is  the  relative  accuracy  of  biopsy 
samples  in  comparison  witk  autopsy  samples.  Parallel  counts 
on  a  series  of  rats,  with  one  gram  of  eschar  removed  adjacent 
to  the  biopsy  site,  gave  the  parallel  counts  noted  in  Table  1. 
’urther  experience  validates  the  accuracy  of  the  procedure  in 
rats.  It  is  proposed  to  test  the  procedure  further  in  patients 
it  will  be  of  value  to  have  quantitative  evidence  of  the  bac¬ 
terial  counts  in  topically  treated  burns. 

The  precise  extent  of  bacterial  suppression  in  the  burn 
therapy  model  as  now  used  is  not  known.  The  original  data  on 
bacterial  content  of  sul f amylon-treated  experimental  wounds 
was  based  on  treatment  of  sufficient  intensity  to  save  all 
the  test  rats;3  this  led  to  the  twice-daily  "buttering"  routine 
on  rats  seeded  with  strains  of  100  per  cent  virulence.  The 
twice-daily  treatment  routine  in  patients  was  based  on  this 
cone  1  us i on. 


It  has  subsequently  become  apparent  that  no  single 
strain,  in  the  infected  burn  model,  offers  a  comprehensive 
tool  for  analyzing  the  process  of  wound  infection  and  its  con¬ 
trol  by  topical  therapy.  Table  2  summarizes  an  experiment  in 
which  biopsy  procedure  was  used  to  interpret  the  action  of 
sulfamylon  on  sets  of  Pseudomonas- infected  rats,  and  to  obtain 
insight  into  the  nature  of  its  therapeutic  action.  The  three 
strains  of  Ps.  aeruginosa  were  used.  SRU  8-28-3(63)  is  a 
highly  virulent  strain;  it  killed  unprotected  rats  in  this  set 
in  an  average  of  5.^  days,  and  the  wound  content  went  from  10$ 
to  10°  in  the  first  five  days.  Once-daily  applications  of 
10%  Sulfamylon  HC1  spared  one-half  the  tes*  rats;  the  survival 
of  treated  rats  which  died  was  extended  to  8.0  days  average. 
The  wound  content  in  treated  rats  fluctuated  widely,  but  mean 
values  ranged  from  105  to  to6.  Thus  suppression  occurred  even 


41-3 


LA  O-CO  N  r^iCO  Is*  CO  04  00  rA 

ooo  oooo  oooo 


X  X  X  xxxx  xxxx. 


xr>»or*^  O  -7  tN  ro  CT\vO  la 

•  ••  ••••  •••• 

LA  LA  ca  vD  04  CO  —  04  —  04  fA  — 


SJ3  LA  P^-CO  NANS  CO  N  0O  fO 

oooo  oooo  oooo 


xxxx  xxxx  xxxx 

rA  —  p*»  0  0^0  LA  —  LA  LA 

oo  vO  N  Pv  —  CO  CPi  CVJ  —  pa  rA  — 


o  o 

■r.  x 


>•  >-  >■ 

§  §  l 

Cj  4)  H  01  <D  u-  <y  <4-  0)  >*-  Cl 

cccc  c  —  c  —  c  —  c 

OOOO  OOOO  030 

2  Z  Z  2  z  to  Z  VI  2  *A  Z 


04  04  LA  LA  04  04  LA  LA  04  04  LA 


<J\  O  <Ts  CA 

LA  LA  IA  LA 


OOOO 
cc  cc  cc  cc 
<a  cn  m  la 


PA  rA  PA  PA 
v.0  vO  \C  vjD 


00  CO  CO  CO 

OJ  04  04  04 
till 
CO  CO  CO  CO 


oooo 

cc  cc  cc  cc 

lA  LA  (A  LA 


LA  LA  LA 

VJD  vO  v£> 


OOO 
ct:  a:  cc 
LA  LA  IA 


SRU  12-2-2(65)  12  5  Sulfamylon  HCI 


41-5 


though  therapy  did  not  save  al!  the  rats. 

With  strain  SRU  12-4-4(59),  the  virulence  was  again 
100  per  cent,  although  this  is  not  always  the  case.  Treatment 
saved  six  rats  out  of  seven.  The  counts,  however,  suggest 
that  while  survival  is  unequivocal  in  the  seeded  population, 
it  evidently  is  not  solely  dependent  on  reducing  the  numbers 
of  pseudomonads  in  the  challenged  animal.  The  counts  for  the 
first  two  days  were  comparable;  at  day  five,  there  was  a  dif¬ 
ference  of  only  1.8  logs  between  the  two  sets. 

When  a  moderately  virulent  strain,  SRU  12-2-2(65)  was 
tested,  the  picture  once  again  changed.  This  strain,  on  larger 
assays,  was  lethal  for  about  70  per  cent  of  test  rats.  Treat¬ 
ment  permitted  all  rats  to  survive.  The  counts  here  resemble 
those  that  one  might  have  assumed  would  be  typical  of  all 
treated  animals:  levels  of  10^  in  treated  rats,  and  a  rise 
from  105  to  10?  in  the  controls.  Similar  data  have  been  accu¬ 
mulated  in  other  sets  of  rats  during  recent  therapy  trials, 
and  it  is  evident  that  in  the  animal  model  at  least  the  topical 
therapy  with  sulfamylon  may  exert  its  effect  by  direct  suppres¬ 
sion  of  growth  in  the  burn,  or  it  may  permit  growth  of  the 
virulent  strain  and  still  prevent  lethal  invasion. 

The  biopsy  technic  has  off“red  an  improved  tool  for 
studying  another  facet  of  the  burn  infection  problem,  which  is 
the  relationship  between  size  of  inoculum  and  the  likelihood 
of  lethal  invasion.  This  subject  was  touched  on  by  Order, 
but,  as  with  other  aspects  of  the  burn  problem,  has  not  been 
studied  with  several  strains  of  varying  virulence. 

Table  3  presents  the  behavior  of  three  Pseudomonas 
strains  of  recent  acqusition  and  of  two  standard  strains,  when 
inocula  of  different  densities  were  employed.  The  new  strains, 
like  several  of  older  pedigree  in  this  laboratory,  would  be 
rated  as  virulent;  yet  with  reduced  inoculum,  they  were  not. 
However,  the  numbers  appearing  in  the  burn  wound  are  not 
necessarily  similar.  The  more  highly  virulent  strains  (SRU 
8-28-3(63)  and  SRU  12-4-4(59))  may  start  with  reduced  count 
for  two  days,  followed  by  a  rise  to  a  sethal  level.  Or,  with 
SRU  12-4-4(59)  (less  virulent  than  SRU  8-28-3(63))  the  re¬ 
duced  inoculum  may  set  up  an  Infection  which  even  at  five  days 
was  still  at  the  105  level.  Nevertheless,  death  supervened 
at  II  days. 
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The  new  strains  exhibit  two  patterns  in  the  response  to 
small  inoculum.  SRU  1 2- . 9- 2  (6  5 )  and  SRU  12-2-2(65)  failed  to 
proliferate  in  the  eschar,  while  SRU  10-29-17(65)  promptly  pro¬ 
duced  a  count  up  to  one-tenth  that  found  in  the  rat  with  a 
lethal  10®  inoculum.  it  is  of  interest  to  note  that  the  con¬ 
tinuance  on  a  fixed  level  of  bacteria!  content  often  seen  in 
rats  with  tcpica1  treatment  sufficient  to  ensure  survival  but 
at  a  sub-optimal  dosage  level. 

The  serial  biopsy  technic  can  evidently  be  employed 
without  effecting  the  survival  potential  of  the  burned  rat. 
it  offers  a  means  of  observing  the  course  of  events  in  the 
tissues  of  individual  rats  during  infection,  and  its  use  has 
revealed  a  level  of  complexity  hitherto  unsuspected,  of  the 
bacterial  population  dynamics  in  infected,  treated  animals. 

It  furnishes  also  a  means  of  assessing  the  behavior  of  non- 
lethal  strains  in  burned  rats.  Its  use  should  further  our 
understanding  of  the  dynamics  of  infection  in  burns  and  pro¬ 
vide  a  useful  adjunct  to  the  criteria  of  effectiveness  of 
topical  therapy  in  infected  bur'-s. 
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■“(U)  Tech  Objective  -  To  detr-mine  the  relationship  between  virulence  of  Pseudomonas 
aeruginosa  strains  and  inva-  ve  burn  wound  infection. 


(U)  Approach  -  Clinically  effective  control  of  burn  Infection  by  use  of  Sulfamylon 
burn  cream  ha*  been  established.  The  method  was  based  on  control  of  Pseudomonas  - 
infection  in  seeded  burned  rats,  using  selected  strains  of  Pseudomonas  aeruqlnosa. 

“However,  a  wide  variation  in  virulence  of  different  strains  for  burned  rats  was  found, 
ana  since  clinical  burn  Infection  is  caused  by  a  heterogeneous  population  of 
bacteria'  strains,  it  was  deemed  urgent  that  the  virulence  of  strains  of  Pseudomonas 
aeruginosa  be  correlated  with  clinical  state  of  the  pctlent,  as  well  as  with  phage 
type,  and  with  invasive  behavior  in  the  experimental  animal. 


(U)  Progress  (Jo!  65-Jun  66)  -  Existence  of  a  wide  spectrum  of  phage  types  In  burn 
pacle.-ts  was  confirmed.  Virulence  ranged  from  zero  to  100%  lethal,  but  has  not  as 
,^ret  been  correlated  with  clinical  severity  of  the  iilness.  Phage  type  and  virulence 
are  not  correlated  closely.  The  role  of  virulence  in  contributing  to  spread  of  a 
particular  strain  remains  to  be  assessed. 
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A  collection  of  30  strains,  including  10  from  fatal  burn 
wound  cases,  were  assessed  for  virulence  by  seeding  the  burned 
rat  model.  A  spread  of  virulence  from  100  per  cent  to  zero 
was  observed,  with  11  strains  in  the  80  per  cent  virulence 
range.  The  strains  did  not  show  correlation  between  source 
or  phage  type  and  virulence  in  burns. 


(1)  Virulence  stjdies 

(2)  Burn  studies 
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FURTHER  STUDIES  IN  VARIATIONS  IN  VIRULENCE  OF 
PSEUDOMONAS  AERUGINOSA  tn  THE  BURN  WOUND 


The  laboratory  model  of  Pseudomonas  aerugi nosa  infection 
in  burned,  seeded  rats  has  been  intensively  used  ir  the 
development  of  a  topical  formulation  for  preventing  infec¬ 
tion  in  burn  wounds.  The  virulence  of  the  test  strain  is 
a  vital  factor  in  assessing  topical  therapy,  but  in  addition, 
the  as  yet  unexplained  differences  in  virulence  of  Ps . 
aerugi nosa  strains consti tute  a  major  point  of  interest  in 
the  whole  question  of  burn  wound  infection.  It  is  still 
not  clear  whether  the  differences  noted  in  the  experimental 
modal  are  paralleled  in  the  human.  Further  study  of  strain 
virulence  has  been  carried  on. 

Materials  and  Methods 


The  collection  of  strains  has  been  directed  in  part  by 
the  history  of  the  strain,  by  phage  pattern,  and  by  morpho¬ 
logically  distinct  characters  in  some  instances.  The 
technic  of  handling  strains  and  of  seeding,  observing  and 
sampling  rats  has  been  previously  described.  The  phage 
typing  of  the  strain  is  of  added  interest  in  establishing 
another  parameter  between  strain  identity  and  virulence. 

The  group  here  reported  had  no  water  and  soil  strains 
included. 

Results 


A  detailed  summary  of  sources  of  strains  is  set  down 
in  Tabie  1,  with  the  nature  of  the  lethal  behavior  and  the 
phage  type.  Although  the  group  of  patients  is  relatively 
homogeneous,  the  spread  of  strains  and  sources  is  as  diverse 
as  was  seen  when  various  sources  were  sampled.  Of  the  100 
per  cent  virulent  strains,  four  came  from  blood  cultures, 
the  rest  from  wounds.  Three  patients  in  this  group  died, 
and  of  these,  two  harbored  type  21,68.  This  is  not  sur¬ 
prising;  the  type  was  very  common  in  1965. 

The  50  to  99  per  cent  virulent  group  came  from  four 
blood  cultures,  one  wound,  one  urine,  and  one  lung  at  autopsy. 
In  this  group  of  seven,  three  patients  died.  Two  of  these 
harbored  21,68;  so  did  a  third  patient  who  survived. 

The  weekly  virulent  strains,  most  numerous  with  11  strains, 


Table 


V:ru!ence  of  Patient  Pseudomonas  Strains 


Strain 

Patien 

No. 

it  Source 

Death/ 

Total 

Surv i va  1 
Aver  a<>R 

Day- 

Range 

Phage  Type 

GROUP  1 

SRU  4-30- 3  (65 ) 

1 

8/C-' 

10/10 

6.8 

5-9 

44,  1214 

SRU  10-29-17(65) 

2 

Surf  ace 

4/4 

M. S 

9-16 

N .  T .  / 

SRU  3-19-9(65) 

3 

Su  r i ace 

7/7 

9.4 

7-15 

44, 1214, )b? 

SRU  6-26-1 (6b) 

4 

8/C 

4/4 

8.5 

6-  1 2 

21,68 

SRU  11-1-1.(65) 

5 

Surface 

4/4 

).5 

3-5 

2,7,31,99,1219, 

sou  so- ’1- 1  (65) 

6 

8/ : 

4/4 

10.0 

6-16 

68. I09.F8.1 '9x 
21,68 

SRU  3-16-8(66) 

7 

8/8 

5 .  7 

4-8 

Unknown 

SltlJ  !  2-  7-  1  3  (65) 

9 

Surf  ace 

6/6 

4.8 

3-7 

2 , 7 . 2 1 . 24 . 44 . 68 . 

SRu  :;-?-9(6b) 

9 

Sur  f  dee 

6/ 6 

5.  i 

5-6 

109,35?, l '9* ,f 7, 

H4 

2,7,44, I0y, 119*1 

SR  ! 3-76- ’0(65) 

10 

0/C 

4  4 

6.7 

5-8 

F8 

2, 7, 31. 73. H4 

GROUP  t  , 

SRU  10-25-  :  /  (fc*' ' 

1 1 

Luna 

3/4 

8.0 

- 

N.T. 

5RU  5-12-  1  (tSI 

12 

5/C 

9/  i0 

9.4 

7-ii 

21.31.68 

SRU  8-6-8(65 

13 

B/C 

3/4 

8.6 

7-i0 

21,68 

**;)  g- 18-6 (6s > 

14 

8/C 

3/4 

9.6 

3-14 

7.31 

SRU  12-6-11(65) 

IS 

Urine 

s  '$ 

io.: 

7-12 

N.T. 

SRU  ’2-22-1.(65) 

16 

Sur  f  acc 

Sr'6 

10.8 

8-13 

n  ,68 
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17 
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10.4 

9-13 

21.63 

GROUP  1 l 1 
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>8 

Rt , foot 
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13.6 

8-20 
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19 

8;  C 

2/10 
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3 1 
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n 

l  »  -»fr. 
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14.0 

12-16 

1 »9*.*6.F7 

1 1 9* .  "6 

24 

B/C 

•« 

3-0 

- 
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SRU  12-2-2(65) 

2b* 

i  <  v»r 

i/6 

'3.0 
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included  three  fatalities.  One  of  these  strains  came  from 
blood,  one  from  autopsy,  one  from  urine. 

The  two  non-vi rulent  strains  each  came  from  a  fatal  case, 
one  of  whom  contributed  a  strain  also  in  Group  III. 

The  phage  patterns  do  not  represent  a  particularly  se¬ 
lected  group.  They  are,  in  fact,  representative  of  the 
entire  collection  of  strains  observed  in  the  unit  in  1 965 • 

As  in  previous  collections,  there  is  no  striking  correla¬ 
tion  between  source  and  virulence.  All  of  these  patients 
were  treated  with  sulfamylon. 

Killing  times  increase  as  the  severity  of  virulence  de¬ 
creases.  This  is  entirely  logical  jut  merits  noting,  since 
there  is  actually  no  basis  yet  known  for  correlating  these 
two  attributes. 

The  attributes  of  the  entire  collection  are  summarized 
in  Table  2.  The  earlier  presumptive  distribution  of  viru¬ 
lence  over  a  spectrum  of  degrees  appears  to  have  been  sub¬ 
stantiated  by  this  series. 

The  basis  for  virulence  has  not  been  uncovered.  The 
collection  presented  will  contribute  to  the  further  evalu¬ 
ation  of  new  agents,  and  to  the  separation  of  strains 
varying  in  tissue  localization.  The  chemical  or  cultural 
basis  for  virulence  has  not  yet  been  recognized.  Such 
collections  as  these  contribute,  however,  to  its  recogni¬ 
tion  and  thus  to  better  understanding  of  the  basis  for 
pathogenesis  of  Pseudomonas  burn  wound  infection. 

Presentations  and/or  Publications 


None . 
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”(U)  Tech  Objective  -  Effective  topical  chemotherapy,  preventing  burn  wound  sepsis,  has 
been  evolved  using  Pseudomonas  aeruginosa  as  the  test  organism.  Burn  wounds  treated 
effectively  with  Sulfamylon  HCi  still  harbor  fecal  bacteria  in  most  Instances,  and  It 
is  probable  that  theEnterobacteri aceae  contribute  to  the  morbidity  and  mortality  of 
large  burns.  An  experimental  infection  model  Is  needed  if  the  pathogenic  role  of 
^erobacter.  Proteus  and  other  Enterobacteri aceae  is  to  be  understood,  as  a  necessary 
prerequisite  for  Its  treatment.  Demonstration  of  burn  wound  virulence  and  acquisition 
of  an  experimental  burn  wound  model  for  Enterobacteri acea  are  the  objectives  of  t  s 
study. 

(U)  Approach  •  Burned  rats  are  to  be  seeded  with  suitable  wound  strains  of  Entero- 
bdcterlacea  In  a  system  resembling  the  Pseudomonas  aeruginosa  modal. 

(u)  Progress  (Jul  65-Jun  66)  -  Proteus  spp  (23  strains)  Aerofe&c ter  (11  strains)  and 
Serratla  sp  (5  strains)  were  tested  on  the  burned  rat,  Eleven  (4 7%)  of  Proteus 
strains  showed  In  some  degree  capacity  to  produce  lethal  septicemia;  6  of  these  killed 

i£0%  or  more  of  test  animals.  Wound  sepsis  was  not  evident.  Only  2  strains  (10%)  of 
Aerobacter  showed  even  minimal  killing  abl 1 1 ty.  Two  of  the  5  Serratla  mercessens  were 
virulent;  one  produced  burn  wound  sepsis  in  75%  of  animals  seeded.  The  demonstrations 
of  Enterobacteri aceae  In  burn  wounds  makes  plausible  their  contribution  to  burn 
morbidity,  and  makes  possible  experimental  chemotherapy  studies  to  achieve  cont.Til 
of  this  aspect  of  the  burn  wound  problem. 
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A  series  of  23  strains  of  Proteus  spp,  11  Aerobacter- 
Klebsiel la  group,  and  5  Serratia  marcessens  were  tested  on  the 
burned  rat  for  evidence  o^  potential  invasive  capability.  Eleven 
Proteus  strains  of  different  species  were  capable  in  some  de- 
gree  of  producing  lethal  septicemia.  Aerobacter  spp.  furnished 
only  two  strains  with  marginal  invasive  capability.  Serratia 
marcessens  produced  two  strains  of  five  with  potential  for 
tissue  invasion,  with  one  lethal  for  three-fourths  of  the 
test  animals.  The  relationship  of  Enterobacteriaceae  to  burn 
wound  infection  is  further  validated  by  these  findings,  and 
increased  scope  in  exploring  chemotherapy  of  the  burn  wound 
is  obtained. 


(1) 

Virulence  studies 

(3) 

Aerobacter  Klebsiella 

(2) 

Proteus  spp 

(<0 

Serratia  marcessens 
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ASSESSMENT  OF  VIRULENCE  USING  EXPERIMENTAL  BURN  INFECTIONS  WITH 
PROTEUS,  AEROBACTER  AND  SEkRATIA  STRAINS 


Since  the  delineation  of  burn  wound  sepsis  as  the  major 
lethal  mechanism  in  burn  infections,  virtually  all  emphasis 
has  been  placed  on  the  role  of  Pseudomonas  aeruginosa  as  the 
major  offending  bacterium.  However,  with  effective  topical 
chemotherapy  now  established  as  the  optimal  method  for  pre¬ 
vention  of  burn  wound  sepsis,  the  burned  patient  displays  a 
bacterial  flora,  and  the  clinical  signs  of  a  wound  infection 
which,  while  it  may  be  less  virulent  than  Pseudomonas  invasion, 
still  plays  a  major  role  in  burn  morbidity,  and  may  indeed 
represent  a  factor  in  the  mortality  of  severe  burns.  The 
wound  Flora  includes,  in  addition  to  Pseudomonas,  chiefly, 
Aerobacter,  Proteus,  and  other  Enterobacteriace=»e  strains 
during  the  first  two  weeks  postburn.  The  numbers  of  these 
strains  are  reduced  during  intensive  sulfamylon  therapy  but 
readily  reappear  after  hydrotherapy  sessions  and  at  the  latter 
part  of  each  "buttering"  period.  The  total  of  c.  col  i ,  Proteus, 
and  Aerobacter  strains  in  the  blood  stream  in  terminal  i If ness 
in  major  burns  constitutes  at  least  half  of  the  species  appear¬ 
ing  in  these  blood  cultures,  and  the  assessment  of  the  inva¬ 
sive  potential  of  such  organisms  in  experimental  burn  wounds 
thus  appears  to  be  justified.  The  ncontrolled  burn  wound 
sepsis  case  itself  seldom  represent.,  a  pure  culture  of  Pseudo¬ 
monas  aeruginosa,  and  the  mixed  nature  of  these  infections 
calls  for  better  understanding  of  the  role  of  Enterobacter iaceae 
in  burn  wounds. 

Materials  and  Methods 

The  objective  of  this  study  has  been  to  determine  ab>,ity 
of  strains  to  produce  burn  wound  invasion,  not  merely  to  demon¬ 
strate  toxicity  of  the  strains.  The  basic  technic  has  been  to 
seed  200-220  gm  rats  prepared  by  the  standard  Surgical  Research 
Unit  burn  preparation.  Inoculation  of  one  ml  of  brotK  culture, 
suitably  diluted  was  made  within  90  minutes  after  burning.  Rats 
were  observed  for  21  days  for  evidence  of  lethal  wound  invasion. 
Seedings  were  made  on  blocks  of  four  or  five  animals  at  a  time. 
The  strains  tested  included  those  recovered  from  the  blood 
stream,  burn  wounds,  respiratory  tract  and  autopsy  tissues 
when  available. 

Proteus  Strain.  This  study  included  23  strains  of  Proteus , 
consisting  of  9  Proteus  mi rabi 1 i s ,  4  Proteus  morgani i ,  I  Proteus 
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rettqeri ,  and  9  undifferentiated  strains.  Sources  included 
wound  surfaces  12,  urine  4,  respiratory  tract  3,  and  4  from 
other  sources.  The  blood  sources  included  one  septicemia 
regarded  as  the  cause  of  death,  in  a  severe  burn  of  65  per 
cent  of  body  surface. 

Resul ts 


The  virulence  evidence  for  Proteus  strains  was  greater  than 
had  been  anticipated.  Out  of  23  strains  tested,  11  were  capable 
of  killing  in  at  least  20  per  cent  of  the  animals  seeded.  Ex¬ 
tremely  virulent  strains  were  not  found  as  often  as  was  the 
case  with  Ps .  aeruginosa, ^  >2  but  invasive  infection  leading  to 
septicemia  unquestionably  occurred. 

Table  1  summarizes  the  results  with  non-virulent  Proteus 
strains.  It  will  be  seen  that  inocula  up  to  10^'  were  used, 
with  no  indication  that  the  animals  were  affected.  Cultures 
of  the  lesions  up  to  eight  days  post-seeding  showed  that 
Proteus  strains  were  present  on  the  wounds,  but  no  evidence 
of  penetration  of  viable  tissues  was  seen. 

The  virulent  strains  were  recognized  by  death  of  the  inocu¬ 
lated  rats.  The  results  of  seeding  the  11  virulent  stucis 
are  summarized  in  Table  2. 

The  virulence  of  the  killing  strains  varied  in  intensity. 

Five  strains  kitled  one-fuu;  «.h  or  less  of  the  rats,  two  killed 
50  per  cent,  three  killed  75  per  cent,  and  one  strain  (two 
clones)  was  100  per  cent  lethal.  Survival  times  varied  from 
one  to  21  days,  with  mean  values  from  2.8  days  to  17.5  days. 

The  weak  vi  <  '  ~a  strains  appeared  to  kill  with  a  septi¬ 
cemia  follow1"  »  wely  little  change  in  the  wound  appearance. 

The  survival  tr.  s  •  fatally  infected  rats  extended  up  to 
two  weeks.  The  m-ro  lethal  strains  (50%)  sti’l  did  not  kill 
more  rapidly,  but  *  'en  three-fourths  of  the  seeded  rats  died, 
the  death  time  shortened  the  range  of  one  week  or  less. 

The  most  virulent  strain,  SRU  1-23-1(64),  was  recovered 
from  the  blood  of  j  patient  with  an  84  per  cent  body  surface 
burn.  The  patient  wes  treated  with  Sulfamylon  burn  cream 
for  eight  days  postburn,  but  treatment  was  suspended  when 
the  patient  developed  pulmonary  dysfunction  and  a  metabolic 
acidosis.  At  autopsy,  burn  wound  sepsis  was  not  present. 
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The  patient  had  seven  positive  blood  cultures  between  the  7th 
and  1 6th  postburn  day,  and  died  on  the  19th  postburn  day.  There 
were  three  cultures  positive  for  Aerobacter ,  two  for  staphylo¬ 
cocci,  two  (on  the  14th  and  1 6th  postburn  days)  for  Pseudomonas, 
and  on  the  8th  postburn  day,  a  mixed  Aerobacter  and  Proteus 
blood  culture.  The  strain  thus  can  not  be  said  to  have  played 
a  conspicuous  part  in  his  illness,  but  its  behavior  in  the 
burned  rat  was  remarkable.  The  rats,  seeded  with  as  few  as 
10^  organisms  per  burn,  became  moribund  in  as  little  as  18 
hours,  showed  bleeding  at  the  nostrils,  were  lethargic,  passed 
no  feces,  and  expired  within  three  days.  Later  passages  showed 
a  wider  range  of  killing;  one  rat  survived  for  10  days.  The 
wound  itself  did  not  show  the  hemorrhagic  surface  appearance 
which  typifies  Pseudomonas  infections. 

Quantitative  autopsies  of  moribund  rats  showed  bacterial 
content  much  lower  than  would  be  found  in  moribund  Pseudomonas- 
seeded  rats.  Table  3  summarizes  this  information. 

The  bacterial  counts  are  on  the  order  of  two  to  four  logs 
lower  than  would  be  expected  in  a  series  of  rats  moribund  with 
a  Pseudomonas -seeded  septic  burn.  Further  studies  of  the 
Proteus  strains  in  the  infected  rat  are  projected.  One  indi¬ 
cation"”  to  be  pursued  further  was  the  observation  that  when 
certain  Proteus  strains  are  seeded  simul taneously  with  viru¬ 
lent  Pseudomonas  cultures,  the  rats  fail  to  succumb,  although 
the  Pseudomonas  alone  is  lethal. 

Aerobacter-Klebsiel la  Group.  Organisms  of  the  Aerobacter 
Klebsiella  group  are  ubiquitous  In  severe  burns,  but  do  not 
present  an  unequivocal  picture  of  invasion  in  human  v  junds. 
Eleven  strains  of  Aerobacter  were  tested  on  the  burn  rat  model, 
including  two  which  were  sent  to  this  laboratory  as  allegedly 
invasive  for  burned  rats. 

Table  4  summarizes  the  results  of  tests  on  11  strains  of 
Aerobacter  *  1  •'bsiel  la. 

To  date  there  is  little  indication  that  the  Aerobacter 
Klebsiel la  group  possesses  marked  potential  for  (nvadi ng  the 
rat  burn  model  wound.  Two  strains  produced  one  death  each, 
and  have  been  retestec  without  any  evidence  o*  a  greater 
virulence  potential  than  was  initially  shown  The  absence 
of  invasive  activity  is  consistent  with  the  observation  that 
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Rats  survived  beyond  the  duration  of  experiment. 
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wounds  heavily  colonized  with  Aerobacter  may  show  little  indi¬ 
cation  of  active  infection.  The  alleged  invasive  strains  from 
another  burn  center  showed  no  sign  of  virulence. 

Serratia  marcessens.  Invasive  behavior  of  the  chromagen 
Serratia  marcessens  is  rare  but  has  been  reported.  When 
several  wounds  revealed  Serratia  marcessens  present  in  the 
burn  ward,  five  strains  were  collected  and  tested  on  the  burn 
wound  rat  model  for  virulence.  One  strain  was  found  to  possess 
a  significant  degree  of  virulence  as  shown  in  Table  5. 

The  lesions  in  the  rats  dying  of  Serratia  infection  re¬ 
sembled  those  of  Pseudomonas  aeruginosa  seeded  rats.  As  a 
further  confirmation  of5  the  potential  burn  lethality  of  this 
species,  the  strains  were  studied  for  penetration  of  viscera 
and  the  burn  wound.  It  was  found  that  visceral  penetration 
did,  indeed,  occur,  as  summarized  in  Table  6.  The  concen¬ 
tration  of  organisms  rose  in  the  eschar  to  the  1()8  -  10? 
level,  much  as  the  count  does  in  the  Pseudomonas  model.  In 
the  viscera,  quantities  with  the  SRU-McK(6£)  strain,  which  is 
virulent,  were  lower  than  they  were  with  the  non-lethal  SRU 
11-9-2(65).  It  had  been  hoped  that  the  lethality  of  this 
species  would  permit  it  to  be  used  for  further  definitive 
animal  studies,  but  this  does  not  appear  possible  with  the 
strains  thus  far  studied. 

Summary 

Virulence  studies  have  revealed  that  almost  half  of  23 
Proteus  strains  studied  are  capable  of  invading  the  burned 
rat  with  lethality  varying  from  20  per  cent  to  100  per  cent. 

The  most  lethal  strain  found  produces  a  fulminating  septicemia 
that  is  the  most  rapid  yet  seen  in  a  burned  animal  model. 

Aerobacter-Klebsiel la  strains  appear  to  be  almost  devoid 
of  ability  to  invade  the  burned  rat. 

Serratia  marcessens  include  lethal  strains  and  others 
which  invade  the  burned  tissue  and  the  viscera  without  killing. 

The  behavior  of  these  Enterobacteriaceae  strains  broadens 
the  concept  of  burn  wound  seps ? s  "by  re vea ) i ng  the  potential 
role  of  other  burn  wound  flora.  The  strains  studied  offer 
added  tools  for  the  study  of  topical  chemotherapy  of  the 
burned  wound. 
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Dimethyl  Sulfoxide,  burned  rat  modal.  F»«cdoBiog£^A*ruqlrK>»« _ 

!**'  (U)  Tech  Objective  -  To  establish  the  value  of  Dimethyl  Sulfoxida  In  burn  wound 
sops  Is  In  rats. 


(U)  Approach  •  Tha  usa  of  Dlnathyl  Sulfoxida  as  a  tharapautlc  agant  on  Neudoaones 
Aarualnosa  burn  wound  saps  Is  aiodal.  Treatment  of  tha  modal  of  burn  wound  saps  Is  was 
n  wltn  WOO,  Sulfamylon,  or  both,  Incorporatad  In  a  water-soluble  basa.  Tha  traatmant 
agents  wara  applied  topically  on  post  burn  days  I ,  J  and  5  In  3  gm.  aliquots. 

(U)  Progress  (Oct  65-0ec  65)  •  Traatmant  of  tha  burn  modal  animals  with  DHSO  falls 
to  protact  tha  animal  with  burn  wound  sapsls.  Pseudomonas  aeruginosa  producas  a 
cons  Is  tan t,  lathal  Infact  Ion  In  rats  that  can  ba  ravarsed  whan  traatad  with 
Sulfamylon. 
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Treatment  of  the  burn  model  animals  with  dimethyl 
sulfoxide  fa  's  to  protect  the  animal  with  Pseudomonas  burn 
wound  sepsis.  Pseudcmortas  aeruginosa  produces  a  consistent, 
lethal  infection  i'n  rats  that  can  be  reversed  when  treated 
with  Sulfamylon. 

The  treatment  of  burn  infected  animals  with  a  combina¬ 
tion  of  dimethyl  sulfoxide  and  high  and  low  doses  of  Sulfamylon 
fails  to  improve  treatment  with  Sulfamylon  alone. 


(1)  DMSO 

(2)  Burned  Rat  Model 

( 3 )  Pseudomonas  aeruginosa 
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EVALUATION  OF  DIMETHYL  SULFOXIDE  IN  THE  BURNED  RAT 
WITH  PSEUDOMONAS  AERUGINOSA 


D i methyl sul fox ide  (DMSO)  has  been  advocated  for  many 
conditions,  particularly  painful  arthralgias.  While  sup- 
portersof  DMSO  have  little  data  to  substantiate  their  claims, 
their  claims  are  loud  and  demand  rec lamer.  Since  DMSO  is  ar 
exceptionally  good  organic  solvent,  it  has  been  suggest'd  it 
be  used  as  an  effective  vehicle  for  various  biologically  ef¬ 
fective  agents  Including  the  antibacterial  ones.  In  addition, 
DMSO  is  supposedly  effective  microorganisms. 

To  test  the  effectiveness  of  DMSO  as  a  vehicle  for  anti¬ 
bacterial  agents  as  well  as  a  suppressive  agent  itself,  a 
study  was  designated  utilizing  the  burn  wound  sepsis  model. 

M<- serial  s  and  Methods 

Adult,  Sprague-Dawley  (Holtzman  rtrain)  rats  were  used 
throughout  this  investigation.  The  rats  'ere  stabilized 
on  Ralston  Purina  Lab  Chow  and  water  ad  libitum  for  at 
loast  two  weeks  prior  to  any  experiment.  The  weight  range 
of  each  group  was  within  1  10  gm  from  the  average  for  the 
group. 

Experimer  al  and  control  animals  were  anesthetized  with 
sodium  pentobarbital  (1  mg/25  gm)  for  the  burning  procedure. 1 

Test  organism  Pseudomonas  aeruginosa  (SRU  12-4-4(59)  was 
the  microorganism  employed  throughout  the  study.  * 

Treatment  of  the  model  of  Pseudomonas  burn  wound  sepsis 
was  with  DMSO,  Sulfamylon,  or  both,  incorporated  in  a  water- 
soluble  base.  The  treatment  agents  were  applied  topically  on 
postburn  days  1,  3  and  5  in  3  gm  aliquots.  The  aliquots  were 
weighed  on  tongue  blades  from  the  following  preparations: 

(!)  33%  DMSO  +  66%  base. 

(2^  33%  DMSO  +  65%  case  +  1%  Sulfamylon. 


*  Sulfamylon  used  in  these  experiments  was  furnished 
Sterl  ing-Wir.thrcp  Research  Institute,  Rensslaer,  New  York. 
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(3)  95%  base  + 

(4)  33%  DM SO  +  56%  base  + 

(5)  90%  base  + 


1%  Sulfamylon 
10%  Sulrair.ylon 
10%  Sulfamylon 


Resul ts 


1 .  Treatment  of  the  burn  mode!  with  DMSO  alone.  A 
group  of  26  animal's  was  subjected  to  a  20%  total  body 
burn.  These  animals  were  then  treated  with  preparation  (1) 
on  postburn  days  1,  3  and  5.  Of  these  2D  animals,  one  died 
on  day  11.  The  remaining  19  animals  lived  through  a  30-day 
observation  period  (see  Table). 


2.  Treatment  of  the  Pseudomonas-  ad  burn  model  with 
DMSO  alone!  Anothe  group" of  2c  animal  .  was  subjected  to  a 
20%  total  body  burn  and  seeded  with  Ps.  aeruginosa.  These 
animals  were  then  treated  with  preparation  (T)  on  postburn 
days  1,  3  and  5.  Of  these  20  animals,  18  died  between  days 
6  and  11.  The  remaining  two  animals  lived  through  a  30- 
day  observation  period. 

3.  Treatment  with  0MS0  and  1%  Sulfamylon  of  the  burn 
model  seeded  with  Pseudomonas  aeruginosa.  A  group  of  )9 
animals  was  subjected  to  a  26%  total  body  burn  and  seeded 
with  Ps.  aer uqi nosa.  These  animals  were  then  treated  with 
preparation  (z)  on  postburn  days  1,  3  and  5.  Of  these 
animals,  18  died  between  days  5  and  9*  The  remaining  one 
animal  lived  through  a  30-day  observation  period. 

4.  Treatment  with  1%  Sulfamylon  of  the  burn  model 
seeded  wi th  Ps.  aeruginosa.  A  group  of  20  animals  was 
subjected  to  a  20%  total  body  burn  and  seeded  with  Ps. 
aeruginosa.  These  animals  were  then  treated  with  prepara¬ 
tion  (3)  on  postburn  days  1,  3  and  5.  Of  these  animals, 

14  died  between  days  5  and  10.  The  remaining  six  animals 
lived  through  a  30-day  observation  period. 

5.  Treatment  with  DMSO  and  10%  Sulfamylon  of  the 
burn  model  seeded  with  Is, aeruginosa^  A" group  of  19 
animals'  was  subjected  to  a  20%  total  body  burn  and  seeded 
with  Ps.  aeruginosa.  These  animals  were  then  treated  with 
preparation  (4)  on  postburn  days  1,  3  and  5.  Of  these 
animals,  one  died  on  day  16.  The  remaining  18  lived  through 
a  30-dav  observation  period. 
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6.  Treatment  with  10%  Sulfamylon  of  the  burn  model 
seeded  with  Ps.  aeruginosa.  A  group  of  lo  animals  was 
subjected  to  a  20%  total  body  burn  and  seeded  with  Ps. 
aeruginosa.  These  animals  were  then  treated  with  prepara¬ 
tion  (TT7  "on  postburn  days  1,  3  and  5.  Of  these  animals, 
two  died  between  8  and  11  days.  The  remaining  eight 
animals  lived  for  a  30-day  observation  period. 

7.  Burn  control .  A  group  of  18  animals  were  sub¬ 
jected  to  a  20%  total  body  bur.i.  Of  these  animals,  all  18 
lived  for  a  30-day  observation  period. 

8.  Burn  control  seeded  with  Ps.  aeruginosa.  A  group 
of  10  animals  was  subjected  to  a  20%  total  body  burn.  Of 
these  10  animals,  all  died  between  days  6  and  8. 

Di scussion 


Treatment  of  the  burn  model  animals  with  dimethyl 
sulfoxide  fails  to  protect  the  animal  with  Pseudomonas 
burn  wound  sepsis.  Pseudomonas  aeruginosa  produces  a 
consistent,  lethal  infection  In  rats  that  can  be  reversed 
when  treated  with  Sulfamylon. 

The  treatment  of  burn  infected  animals  with  a  combina¬ 
tion  of  dimethyl  sulfoxide  and  high  and  low  doses  of 
Sulfamylon  fails  to  improve  treatment  with  Sulfamylon 
alone. 
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In  rats  with  un inoculated 30  per  cent  ful 1 -thickness  burns 
treated  by  (1)  open  method,  (2)  twlce-a-day  Sulfamylon  *  ap¬ 
plication,  or  (3)  twice-a-day  silver  nitrate  soaks,  there  is 
no  gross  difference  in  the  thickness  of  the  granulation 
layer,  although  the  surface  area  of  the  granulation  bed  Is 
greater  in  the  Sul famy Ion-treated  group.  The  eschar  frag¬ 
ments  sooner  in  silver  nitrate-treated  and  control  groups, 
but  this  is  associated  with  increased  intra-eschar  bac¬ 
terial  proliferation;  and  the  wound  contracts  faster  with 
control  or  silver  nitrate  treatment  than  with  Sulfamylon. 

(1)  Sulfamylon 

(2)  S i i  ver  nitrate 

\1)  Burns,  experimental 

*  Supplied  by  Ster I i ng-Winthrop  Research  Institute, 
Rennslaer,  New  York. 
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THE  EFFECT  OF  SULFAMYLON,  0.5  PER  CENT  SILVER  NITRATE 
AND  OPEN  THERAPY  ON  ESCHAR  AND  GRANULATION  TISSUE 
IN  THE  BURNED  RAT 


The  suppression  of  bacteria  in  the  burn  wound  by  topi¬ 
cal  antibacterial  agents  has  prolonged  eschar  adherence 
which  may  permit  more  growth  of  granulation  tissue  before 
the  wound  comes  to  autografting.  Our  present  policy  of  ac¬ 
celerating  eschar  separation  once  it  begins,  by  wet  dress¬ 
ings,  does  allow  limited  bacterial  proliferation  and  may 
further  stimulate  granulation  overgrowth  which  increases 
the  subsequent  scar  contracture.  Other  methods  of  ac¬ 
celerating  eschar  separation  without  destroying  viable  tis¬ 
sue  or  allowing  bacterial  proliferation  have  been  investi¬ 
gated  without  success. 

The  hypotonicity  of  0.5%  AgNOj  has  been  said  to  result 
in  sufficient  osmotic  water  absorption  by  the  eschar  collagen 
to  cause  fragmentation  and  earlier  separation,  thereby  per¬ 
mitting  earlier  autografting  on  a  less  developed  granula¬ 
tion  base  and  therefore  less  eventual  scar  contracture.  It 
is  also  possible,  knowing  that  1%  AgNOi  is  inhibitory  to 
regenerating  epithelium,  that  0.5%  AgNOj  is  inhibitory  to 
the  development  of  excess  granulation  tissue.  This  may 
explain  the  observations  that  there  is  little  or  no  grossly 
evident  granulation  tissue  during  burn  wound  treatment  with 
AgNOj.l  If  this  is  correct,  the  substitution  of  0.5% 

AgN03  for  salinfc  soaks  may  further  accelerate  eschar  separa¬ 
tion,  while  suppressing  bacterial  proliferation,  and  result 
in  less  subsequent  contracture. 

Purpose  and  Methods 

It  was  the  purpose  of  this  investigation  to  compare 
histologically  the  fragmentation  and  separation  of  eschar 
at  1,  2,  3,  4,  5  and  6  weeks  postburn  and  to  observe  final 
contracture  and  granulation  layer  thickness  in  four  groups 
of  10  rats,  subjected  to  30  per  cent  full-thickness  burns 
and  treated  as  shown  in  the  following  schedule. 


Resul ts 


Gross 


The  eschar  separated  one  to  two  weeks  sooner  in  control 
and  silver  n i trate-tr^uted  groups,  with  more  rapid  subse¬ 
quent  wound  contracture.  At  six  weeks,  the  control  and 
A9NO3  groups  had  scars  which  measured  4-8  mm  in  width  which 
were  almost  completely  reepithel ial ized,  whereas  the 
Sulfamylon  *  group  had  an  area  of  clean  granulation  measur¬ 
ing  10-12  mm  in  width  with  an  equal  margin  of  reepithel ial iza- 
tion.  The  combined  Sul famylon-s i lver  nitrate-treated  group 
had  a  degree  of  granulation  tissue  and  contracture  intermediate 
between  the  group  treated  with  Sulfamylon  and  that  treated 
with  silver  nitrate.  A  total  of  11  rats  succumbed  during 
the  experiment:  four  in  the  control  group,  four  in  the 
Sulfamylon  group,  one  in  the  silver  nitrate  group,  and  two 
in  the  silver  ni trate-Sul famylon  group.  All  were  autopsled 
and  found  to  have  murine  pneumonia  probably  related  to  re¬ 
peated  general  anesthetics.  The  burn  wounds  were  not  inocu¬ 
lated,  and  no  quantitative  or  qualitative  cultures  were  done. 
The  animals  were  isolated  from  infected  animals;  no  gross 
evidence  of  diffuse  burn  wound  sepsis  was  seen. 

Microscopic 

All  biopsies  were  stained  with  hematoxylin  and  eosln 
and  a  modified  buffered  Giemsa  stain  to  facilitate  visuali¬ 
zation  of  bacteria. 3  In  addition,  the  biopsies  of  all  groups 
taken  through  the  fourth  week  postburn  were  stained  with 
Movat's1*  Pentachrome  I  and  II,  but  this  was  not  found  to 
substantially  enhance  the  interpretation  of  routinely 
stained  hematoxylin  and  eosin  sections  in  this  material. 

At  one  week,  there  was  an  equivocal  increase  in  visu¬ 
alized  bacteria  within  the  eschar  of  the  AgNOj-treated 
group;  however  in  the  biopsies  from  the  end  of  the  second 
week  there  was  unequivocal  intra-eschar  proliferation  of 


Supplied  by  Sterl ing-Winthrop  Research  Institute, 
Rensselaer,  New  York. 
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bacteria  in  the  AgNOo-treated  and  control  groups,  with 
negligible  numbers  or  bacteria  in  the  Sul famylon-treated 
group. 

At  three  weeks,  there  was  focal  bacterial  burn  wound 
infection  in  the  AgN03~treated  and  control  groups,  but  the 
Sul famylon-treated  group  remained  virtually  free  of  ir- 
vasive  bacterial  growth. 

At  four  weeks,  the  eschar  was  off  or  in  the  process  of 
separating  in  most  of  the  biopsies  from  the  AgNOj-treated 
and  control  groups,  with  considerable  intra-eschar  bacteria 
and  sub-eschar  suppuration.  The  eschar  of  the  Sulfamylon- 
treated  group  contained  few  bacteria  and  was  still  adherent 
to  sub-eschar  granulation  tissue  at  this  time. 

At  five  and  six  weeks,  eschar  had  separated  in  biopsies 
from  all  groups,  and  the  wound  surface  was  composed  of 
neutrophi les,  gianulation  and  connective  tissue  in  various 
proportions.  Throughout  the  study  period,  the  thickness 
of  granulation  tissue  was  a  variable,  dependent  on  the 
depth  of  biopsy,  and  therefore  did  not  lend  itself  to 
meaningful  histological  quantitation. 

Biopsies  from  the  combined  AgNOj-Sul famylon-treated 
group  exhibited  a  degree  of  intra-eschar  bacterial  proliiera- 
tion  and  temporal  eschar  separation  somewhere  between  the 
other  groups,  £.5.,  at  four  weeks,  four  of  eight  eschars 
had  separated  in  biopsies  from  this  combined  treatment 
group. 

Remarks 


The  method  of  Sulfamylon  application  worked  well  in 
these  rats;  however  the  silver  nitrate  application  was  not 
so  successful.  Host  mornings,  two  or  three  rats  out  of  the 
20  receiving  silver  nitrate  would  be  found  to  have  pulled 
the  dressings  out  from  under  the  plastic  cover.  This  was 
immediately  replaced,  but  there  was  no  way  of  knowing  how 
many  hours  of  effective  contact  the  wound  had  had  with  the 
silver  nitrate  the  previous  night.  The  twice-a-day  soaking 
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with  silver  nitrate  and  once-a-week  dressing  change  do  not 
compare  with  the  recommended  clinical  soaking  every  two 
hours  and  dressing  change  every  day. 

Summary 


We  can  only  conclude  that  in  these  rats  with  un¬ 
inoculated  30  per  cent  ful 1 -thickness  burns  treated  by 
(1)  open  method,  (2)  b.i.d.  Sulfamylon  application,  or 
(3)  b.i.d.  silver  nitrate  soaks,  there  is  no  gross  dif¬ 
ference  in  the  thickness  of  the  granulation  layer,  al¬ 
though  the  surface  area  of  the  granulation  bed  is  greater 
in  the  Sul famylon-treated  group.  The  eschar  fragments 
sooner  in  silver-nitrate-treated  and  control  groups,  but 
this  is  associated  with  increased  intra-eschar  bacterial 
proliferation;  and  the  wound  contracts  faster  with  con¬ 
trol  or  silver  nitrate  treatment  than  with  Sulfamylon. 
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The  phenomenon  of  prolonged  skin  homograft  survival  has 
frequently  been  observed  In  burned  patients  at  the  US  Army 
Surgical  Research  Unit.  There  are  a  number  of  reports  des¬ 
cribing  prolonged  survival  of  skin  homografts  In  extensively 
burned  patients.  Altered  graft  reactivity  can  be  produced 
In  burned  rats.  This  animal  work,  however,  is  not  convincing 
and  it  has  been  suggested  that  homograft  reaction  time  In  the 
burned  rat  may  actually  be  shortened.  These  conflicting  findings 
probably  stem  from  poorly  controlled  variables  such  as  graft 
size  and  crude  methods  for  determining  graft  viability.  The 
most  sensitive  criterion  for  graft  rejection  is  capillary  stasis 
In  the  graft,  observed  by  stereo-dissecting  microscopy.  Our 
study  utilizes  this  sensitive  indicator  of  homograft  rejection. 

Burned  patients  do  not  suffer  a  reduction  in  resistance 
to  infection  or  a  loss  of  capacity  to  font,  serum  antibody. 

Burned  rats  may  suffer  impaired  antibody  response  to  a  primary 
tetanus  toxoid  injection  while  their  anamnestic  response  to 
this  antigen  Is  normal  or  even  augmented.  These  findings  are 
consistent  with  previous  experimental  work  defining  Im¬ 
munologic  paralysis.  Using  pneumococcal  polysaccharide  as 
antigen,  pre-sensi tlzed  animals  were  quite  resistant  to  In¬ 
duction  of  immunologic  paralysis,  requiring  much  larger  doses 
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of  antigen  to  achieve  this  result.  In  the  burned  animal,  the 
burned  tissue  is  presumably  the  source  of  this  antigen  al¬ 
though  bacterial  antigens  may  play  a  ’"Me.  It  seems  likely 
that  prolonged  skin  homograft  survival  In  burned  recipients 
is  also  due  to  some  form  of  immi'no logic  paralysis.  If  this 
is  the  case,  then  pre-sensitization  with  skin  homografts 
should  abolish  or  modify  this  phenomenon. 

A  study  designed  to  test  the  above  hypothesis  Is  now 
underway  at  the  Surgical  Research  Unit.  However,  there  are 
insufficient  data  to  warrant  a  detailed  report  at  this  time. 


(1)  Experimental  Burn 

(2)  Homograft 

(3)  Immunologic  Paralysis 
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Curling's  ulcar.  gastric  acid,  gastric  physiology _ 

M(U)  Tech  Objective  -  Sinca  thara  Is  still  no  adequate  explanation  for  the  association 
between  burns  and  gastroduodenal  ulceration,  direct  studies  of  gastric  acid  secretion 
were  - In  I  t# ted,  If  a  pattern  of  gastric  hyperacidity  Is  found,  this  would  provide  a 
basis  for  both  conservative  and  surgical  tharapy  of  Curling's  ulcer. 


J„(U)  Approach  -  The  plan  utilizes  studies  In  both  burned  dogs  and  patients.  Dogs  with 
<  Isolated  Innervated  and  denervated  gastric  pouenes  are  being  studied  before  and 
following  burning  to  determine  whether  burning  Is  associated  with  Increases  In  acid 
'  output.  Overnight  gastric  collections  have  been  made  In  a  series  of  burned  patients, 
i  and  further  collections  are  being  made.  Thus  far,  no  major  problems  have  been 
encountered. 

(U)  Progress  (Nov  65-Jun66)  -  The  dog  studies  are  In  progress,  but  no  results  are 
available  at  the  present  time.  Studies  In  twenty  patients  do  not  Indicate  a  consis¬ 
tent  pattern  of  gastric  hypersecretion  following  burns;  however,  many  more  studies 
are  necessary  before  definite  conclusions  can  be  drawn. 
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ABSTRACT 

1.  PROJECT  NO.  3A014501 B71 R,  RESEARCH  IN  BIOMEDICAL  SCIENCES 
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Twelve-hour  nocturnal  collections  of  gastric  secretion 
were  made  in  a  series  of  patients  with  varying-sized  burns. 
Only  an  occasional  patient  had  evidence  of  acid  hyper¬ 
secretion.  These  studies  are  being  continued. 

Experimental  studies  in  dogs  prepared  with  Innervated 
and  denervated  gastric  fundlc  pouches  are  currently  in 
progress. 


(1)  Curling's  Ulcer 

(2)  Gastric  Acid 

(3)  Gastric  Physiology 
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THE  EFFECTS  OF  BURNS  AND  SEPSIS  ON 
SECRETION  OF  GASTRIC  ACID 


Gastroduodenal  ulceration  and  gastrointestinal  bleed¬ 
ing  are  commonly  associated  with  thermal  burns.  Despite 
the  fact  that  this  association  has  been  a  recognized 
clinical  entity  for  many  years  and  despite  the  fact  that 
many  theories  have  been  offered  to  explain  it,  the  basic 
etiology  is  still  unknown.  Since  acid-peptic  hypersecretion 
is  known  to  be  the  responsible  factor  ir,  chronic  peptic 
ulcer  disease,  this  seemed  to  be  a  logical  starting  point. 
Previous  studies  have  been  contradictory.  Friesen  was 
unable  to  demonstrate  hyperacidity  in  his  experimental  burn 
preparations J  On  the  other  hand,  Hummel  and  co-workers 
reported  elevated  urcpepsin  levels  in  burned  patients, 
especial';'  if ^ their  injuries  were  over  35  per  cent  of  the 
body  surface. 1 

Since  indirect  indications  of  gastric  activity  such 
as  uropepsin  output  are  subject  to  error,  and  since  they 
do  not  necessarily  reflect  the  gastric  functional  state  at 
the  time  of  collection,  direct  measurements  of  gastric 
secretory  activity  seemed  to  be  warranted.  Little  or  no 
information  of  this  sort  is  available. 

Several  methods  for  the  estimation  and  direct  deter¬ 
mination  of  gastric  acid  output  are  currently  available. ^ 
Direct  measurement  is  the  only  method  which  gives  some 
idea  of  the  net  effect  in  the  patient  or  experimental  sub¬ 
ject.  Much  information  is  available  on  levels  of  total 
and  free  acidity  in  nocturnal  collections  from  normal  in¬ 
dividuals  and  those  with  peptic  ulcer.  Hence,  this  would 
appear  to  be  a  satisfactory  basis  for  comparison  with 
other  disease  states  which  are  associated  with  gastric 
secretory  changes.  In  addition  to  this,  the  augmented 
histamine  test  has  proved  to  be  valuable  in  the  estimation 
of  total  secretory  potential. ^ 

Methods 


1 .  Experimental  Studies 
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Isolated  innervated  and  denervated  gastric  pouches 
are  being  constructed  in  two  groups  of  dogs,  with  four  in 
each  group.  After  a  one-month  recovery  period,  standard 
fasted  three-hour  collections  will  be  made,  followed  by  a 
Kay  test  daily  for  one  week.  The  dogs  will  then  be  sub¬ 
jected  to  20  per  cent  full -thickness  burns  and  similar  col¬ 
lections  made  for  another  week.  The  collected  gastric 
juice  will  be  analyzed  for  volume,  pH,  total  titratable 
acidity  (pH  7.0)  and  free  acid. 

2.  Clinical  Studies 

Patients  with  varying-sized  burns,  sepsis,  a 
past  history  of  ulcer  or  evidence  or  suspicion  of  current 
gastrointestinal  bleeding  are  being  studied.  Collections 
of  12-hour  nocturnal  gastric  secretory  output  have  been 
made,  with  special  attention  given  totachnical  considera¬ 
tions  such  as  tube  placement,  patient  position,  tube 
patency,  fractionation  of  collection  periods,  and  others. 
Although  augmented  histamine  tests  were  originally  planned 
for  patient  study,  it  has  not  proved  feasible  to  stimulate 
acutely  ill  patients  in  this  fashion  so  they  have  not  been 
performed.  Th»  nocturnal  collections  have  been  analyzed  for 
volume,  pH,  bile,  blood,  total  titratable  acidity  and  free 
acid. 


Results 


1.  Experimental  Studies 


These  studies  have  been  initiated,  but  no  results 
are  available  at  this  time. 


Patient  Studies  (see  Table] 


Thus  far,  20  patients  have  had  t2-hour  nocturnal 
collection*  of  gastric  secretory  output  made.  The  patients 
ranged  from  nine  months  to  75  yea> s  in  age.  The  total 
extent  of  burn  ranged  fhom  7  to  95  p*r  cent,  with  a  mean 
of  49  per  cent.  Eleven  of  the  20  patients  had  a  diagnosis 
of  Curling's  ulcer  made.  Six  were  proven  at  postmortem 
examination}  one  was  found  at  operation,  and  the  other 
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Summary  of  12-Hour 
Secretory  Studies 

Nocturnal  Gastric 
i r.  Patients 

Patient 

Per  Cent 
Burn 

Volume 

(ml) 

Total  Acid 
(mEq) 

Free  Acid 
(mEq) 

1 

60 

165 

10.2 

5.0 

2 

24 

1200 

96.5 

55.4 

3 

39 

440 

45.6 

17.7 

4 

78* 

75 

4.4 

2.1 

5 

78* 

165 

4.1 

0.0 

6 

60 

330 

15.3 

14.3 

7 

43 

155 

11.5 

3.6 

e 

36* 

410 

16.1 

6.4 

9 

71* 

555 

17. 

3.3 

10 

24 

107 

0.7 

0.0 

11 

34 

340 

9.5 

5.1 

12 

24 

204 

9.2 

5.6 

13 

36 

90 

2.6 

0.8 

14 

36 

»9> 

0.0 

0.0 

15 

80 

180 

3.7 

0.5 

16 

22 

78 

0.0 

0.0 

17 

7 

520 

1.7 

0.0 

18 

37 

310 

3.8 

0.0 

19 

77 

425 

30.6 

21.8 

20 

95 

110 

6.2 

2.2 
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four  were  diagnosed  clinically  because  of  massive 
hemorrhage. 

If  18  mEq  of  free  acid  in  a  12-hour  collection  of 
gastric  secretions  is  considered  to  be  the  upper  limit  of 
normal,  only  two  or  possibly  three  of  these  patients  can 
be  considered  to  have  hypersecretion.  The  patient  who 
had  a  12-hour  output  of  55.4  mEq  was  28  years  old,  had  a  24 
per  cent  total  body  burn  and  a  crushed  chest,  and  bled 
massively  on  the  third  postburn  day.  The  patient  with  a 
high  normal  output  of  17.7  m£q  of  free  acid  was  75  years  of 
age,  had  severe  chronic  pulmonary  disease  and  a  39  per  cent 
total  body  burn,  bled  massively,  and  had  multiple  gastric 
and  duodenal  ulcerations  it  autopsy.  The  third  patient 
with  hypersecretion  put  out  21.8  mEq  of  free  acid.  He  was 
20  years  old,  had  a  77  per  cent  total  body  burn  and  bled 
massively.  The  other  eight  patients  with  ulcers  had  no 
evidence  of  acid  hypersecretion.  All  20  patients  had 
evidence  of  gross  or  cccul t  blood  in  their  collections. 

Coronent 


Up  to  this  point,  there  does  not  seem  to  be  any  con¬ 
sistent  pattern  of  hypersecretion  in  association  with  the 
early  postburn  period.  Also,  although  the  numbers  are  small, 
there  does  not  seem  to  be  evidence  for  acid  hypersecretion 
in  patients  with  known  Curling's  ulcer.  Only  three  of  the 
11  patients  with  ulcers  had  hyperacidity.  TWo  of  these 
had  associated  pulmonary  problems,  one  acute  and  the  other 
chronic.  It  is  known  that  both  acute  and  chronic  hyper- 
carbia  are  associated  with  hypersecretion,  so  the  hyper¬ 
secretion  seen  in  these  patients  may  not  necessarily  be 
related  to  their  burns. 

It  is  planned  that  many  more  patients  will  be  studied, 
and  it  is  hoped  that  the  experimental  studies  will  shed 
further  light  on  the  subject. 

$um»ary 

Limited  studies  of  nocturnal  g-stric  secretory  output 
in  burned  paMencs,  half  of  which  had  Curling's  ulcer. 
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give  no  support  to  the  theory  that  acid-peptic  hyperse¬ 
cretion  is  related  to  this  entity.  Additional  studies 
are  planned. 
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can  be  utilized  to  protect  against  gastroduodenal  ulceration  seen  so  frequently  In  1 
a.soc! atlcn  wi th  bu“n  Injury, 
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'Approach  -  The  plan  utilizes  studies  In  normal  and  b'-rned  rats.  Both  ^'stologic  and 
chemical  analytic  quantitations  of  gastric  mucus  are  being  made.  Dog.  Ith  Isolated  j 
antral  pouches  ere  also  being  utilized,  and  analyses  of  hexosamlne,  fucose  and 
sialic  tcld  are  being  made  before  and  after  burning.  Thus  far  there  have  been  no 
major  problems. 

Progress  (Nov  65  -  Jun  66)  -  The  Initial  studies  have  almost  been  completed  and 
Indicate  that  the  rate  0.'  renewal  of  gastric  mucus  I*  markedly  diminished  following 
•turns  and  this  correlated  with  a  marked  Increase  In  the  incidence  of  ulceration. 

Thus  far  no  definite  change  In  the  chemical  quality  Of  the  gastric  mucus  secreted 
has  been  found.  It  Is  hoped  that  a  method  can  be  fuund  to  reverse  this  unfavorable 
change  In  mucus  output. 
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No  cgnsistenl  relationship  between  gastric  hyperacidity  and 
Curling's  ulcer  has  been  demonstrated.  Since  gastric  mucus  he* 
a  known  protective  function,  studies  were  made  In  this  regard. 

Histologic  and  chemical  studies  of  gastric  mucosa  were  made 
in  control  and  burned  rets  in  order  to  quantitate  the  total 
amount  of  mucus  present.  Similar  studies  were  made  in  dogt 
with  isolated  antral  pouches,  from  which  collections  of  nwcus 
were  made  before  and  following  burning. 

The  resuits  indicate  that  following  thermal  injury  there  is 
a  marked  decrease  in  the  rate  of  gastric  mucous  production. 

Additional  studies  in  humans  are  planned,  at  well  as  studies 
related  to  the  use  of  mucigogues. 


(5}  Curl Ing's  uir.e< 

U)  Gastric  mucin 
(3)  Gastric  physiology 
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THE  INFLUENCE  OF  THERMAL  BURNS  ON 
GASTRIC  MUCUS  PRODUCTION 


The  relationship  between  severe  thermal  Injury  end  gastro¬ 
duodenal  ulceration  Is  well  known.  However,  the  mechanism 
of  ulcer  production  has  not  been  fully  elucidated.  The 
studies  of  Frlesen  have  Indicated  the  Importance  of  hemocon- 
centratlon  and  resultant  mucosal  congestion  as  an  etiologic 
factor. 2  He  noted  no  Increase  In  secretion  of  gastric  acid, 
although  later  studies  by  others  have  yielded  different 
findings. 5  On  this  account.  It  seemed  warranted  that  other 
aspects  of  gastric  physiology  should  be  Investigated  in  ad¬ 
dition  to  acid-peptic  mechanisms. 

One  possible  alternate  explanation  for  gastroduodenal  ul¬ 
ceration  in  the  pretence  of  norma!  gastr’c  acid  output  is  an 
unfavorable  alteration  of  the  gastric  'Wiucous  barrier",  a 
wal 1 -recognised  protective  mechanism  against  mucosal  auto- 
digestion.  This  has  been  well  demonstrated  by  Wolff  and 
by  others  who  have  shown  that  tho  gastric  mucosa  Is  much 
more  susceptible  to  damage  from  gastric  juice  or  various 
forms  of  trauma  when  the  mucous  layer  Is  removed. 6  This 
'tnucous  barrier"  may  be  deficient  In  volume  and  thus  have  a 
lessened  acid-neutral  1*1 ng  ability)  it  may  not  be  renewed 
often  enough  to  cover  the  mucosal  surface  adequately)  or  its 
components  may  be  altered  so  that  the  mucus  undergoes  en¬ 
zymatic  hydrolysis  and  no  longer  acts  as  an  acid  barrier. 

The  mean  buffering  capacity  of  gastric  mucus  Is  only 
approximately  $0  uEq/L  of  gastric  mucus,  so  It  Is  felt  that 
its  protective  action  is  primarily  explained  by  Its  physical 
property  :s  of  viscosity,  adhesiveness,  and  cohesiveness.** 

Methods 

1 •  Rat  Studies 


a.  Control  group.  Thirty  250-gm  Sprague-Oawley  rats 
were  fasted  for  2k  hours.  They  were  then  sacrificed  and  the 
stanechs  examined  for  the  presence  of  ulcers.  Sections  were 
taken  from  the  glandule  stomach  for  microscopic  examination 
using  hematoxylin  and  cosin  and  Alcian  blue-P-  A.S.  stains. 

In  addition,  the  nucose  was  acraped  from  the  aubeucosa  and 
the  material  subjected  to  chemical  analysis.  Determinations 
of  hexosamina,  sialic  acid,  and  L-fucoee  content  were  made. 
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b.  Experimental  group.  Thirty  250-gm  Spregue- 
Dawley  rats  were  subjected  to  standard  20  per  cent  fult- 
thickness  scald  burns  utilizing  boiling  water  at  99°C. 
applied  for  10  seconds.  Twenty-four  hours  later,  they  were 
Sacrificed  and  identical  studies  performed. 

2.  Dog  Studies 

Isolated,  denervated  antral  pouches  were  constructed 
in  six  healthy,  adult,  mongrel  dogs  whose  weight  averaged 
20  kilograms.  Gastrointestinal  continuity  was  reestablished 
by  means  of  gastroduodenal  anastomosis.  Specially  constructed 
Teflon  cannulae  were  utilized  in  order  to  insure  adequate 
pouch  drainage  of  the  tenacious  mucous  secretions.  After  a 
one-month  recovery  period,  a  series  of  daily  thre*-hour  pouch 
mucous  collections  was  made  for  one  week.  During  the  col¬ 
lection  periods,  the  animals  were  placed  in  specially  constructed 
cages  to  insure  that  complete  standard  collections  would  be  made. 

Following  this  period  of  control  co1 ^actions,  a  standard  20 
per  cent  full-thickness  burn  was  inflicted  utilizing  an  iron 
heated  to  350°C.  and  applied  for  12  seconds.  Daily  three-hour 
pouch  collections  were  made  for  seven  days  following  burning. 

Care  was  taken  to  keep  the  dogs  well  hydrated  during  this 
period.  Determinations  of  volume,  total  dry  weight  after  lyo- 
philization,  and  hexosamine,  sialic  acid  and  L-fuco*e  content 
were  made  on  each  pouch  collection. 

The  dogs  were  then  sacrificed  and  a  complete  autopsy  was 
performed.  Sections  were  taken  frcm  the  area  of  burn  end  from 
the  antral  pouch.  The  latter  were  compared  with  sections  of 
antrum  frcm  normal  dogs  sacrificed  for  other  reasons.  All 
sections  of  stcmech  were  stained  with  both  hematoxylin  and 
eosin  and  Alcian  biue-P.A.S, 

Results 


' 4  Ret  Studies 

f .  Gross  examination  of  the  stomach. 

On  gross  exeminetion  of  the  stomach,  the  control  rats 
had  a  17  per  cent  Incidence  of  gastric  mucosal  erosion,  wiu-eas 
73  p«»~  cent  of  the  burned  rets  had  ulcers. 

b.  Microscopic  examination  of  the  stomach. 
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No  difference  was  noted  between  the  stomachs  of  the 
c  j,\U  ol  and  burned  rats  on  examination  of  the  sections 
stained  with  hematoxylin  2nd  eosin.  However,  a  marked  dif- 
rerence  was  noted  in  the  stainable  acid  and  neutral  muco¬ 
polysaccharide  in  the  gastric  sections  stained  with  Alcian 
blue-P.A.S. 

All  sections  were  examined  on  a  blind  basis  and  a  rating 
given  for  the  amount  of  stainable  surface,  intraglandular 
and  intracellular  mucus  in  comparable  microscopic  fields. 
Only  one-third  as  much  itainable  mucus  was  found  in  the 
stomachs  of  the  burned  rats  as  compared  with  the  controls. 

c.  Chemical  analyses  (Table  1) 

Chemical  analyses  performed  on  the  gastric  mucosal 
scrapings  demonstrated  significant  decreases  in  sialic  acid 
and  L-fucose  content  but  an  increase  in  hexosamine  content. 
Analyses  are  available  on  25  control  and  17  burned  rats. 

2.  Dog  Studies 

a.  Gross  examination  of  the  stomach 


Ncne  of  the  six  dogs  had  any  gastrointestinal  ab¬ 
normality  noted  at  the  time  of  construction  of  the  antral 
pouch.  At  postmortem  examination,  one  dog  had  an  acute  per¬ 
foration  of  a  duodenal  ulcer.  The  others  had  no  abnormality. 

b.  Histologic  examination  of  the  antrum 

No  significant  difference  wes  noted  between  mucous- 
stained  sections  of  the  burned  animals'  antral  pouches  and 
sections  of  antrum  taken  from  normal  dogs. 

c.  Chemical  analyses  (Table  2) 

All  six  dogs  had  a  marked  uniform  decrease  in  the 
rate  of  mucous  secretion  after  burning,  both  in  terms  of 
total  volume  and  of  the  total  weight  of  the  freexe-dried  muco- 
substances.  Concentration  of  the  freexe-dried  mucosubstances 
tended  to  increase,  though  not  in  ever)'  .^stance.  Chemical 
determinations  are  available  on  fm<r  of  the  six  dogs  at  this 
time.  No  consistent  change  occurred  in  the  content  of  hexosa¬ 
mine,  sialic  acid  or  L-fucose,  and  their  molar  ratios  remained 
essentially  the  same. 
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Comments 

These  studies  indicate  that  a  marked  decrease  in  the  rate 
of  gastric  mucous  secretion  occurs  foliowing  thermal  injury  in 
rats  and  in  dogs.  This  is  felt  to  be  a  significant  finding, 
since  absolute  hyperacidity  has  not  been  implicated  in  the 
etiology  of  Curling's  ulcer  and  since  gastric  mucus  has  a 
known  protective  function.  As  mentioned,  it  has  been  demon¬ 
strated  that  the  local  absence  of  mucus  leaves  the  stomach 
and  duodenum  vulnerable  to  acid-peptic  digestion  and  ulcera¬ 
tion.  If  the  rate  of  renewal  of  the  mucous  layer  lags  behind 
the  rate  of  destruction,  mucosal  damage  may  then  occur  from 
acid-peptic  activity  or  mechanical  trauma.  These  animals  had 
both  a  decreased  rate  of  mucous  secretion  and  an  increased  in¬ 
cidence  of  ulceration  following  burning  in  support  of  the 
above  hypothesis. 

An  additional  factor  that  may  be  involved  is  relative 
hyperacidity,  although  acid  measurements  were  not  made  on  any 
of  these  animals.  Since  mucus  does  buffer  some  quantity  of 
gastric  acid,  a  fall  in  the  total  amount  of  mucus  would  lead 
to  a  higher  acid  content.  Thus,  even  ’’normal"  amounts  of 
acid  secretion  might  conceivably  lead  to  ulceration. 

It  is  difficult  to  conclude  from  the  chemical  determina¬ 
tions  that  any  consistent  change  occurs  in  the  quality  of 
gastric  mucus  secreted  following  burning.  The  increase  in 
burned  rat  gastric  trucosal  hexosamlne  content  reflects  not 
only  the  amount  of  mucus  present  but  also  increases  In  ground 
substance  and  tissue  fluid  mucopolysaccharides.  The  decreases 
in  burned  rat  gastric  mucosal  sialic  acid  and  fucose  content 
are  indications  of  decreased  total  mucous  secretion.  Also,  It 
has  been  pointed  out  that  sialic  acid  is  responsible  for  soma 
of  the  important  physicochemical  properties  of  the  glycoprotein 
molecule.  It  is  hydrophilic  and  would  tend  to  Increase  the 
volume  of  mucus  If  Its  concentration  was  Increased.  Also, 
Gottschalk  has  shown  that  sialic  acid  hinders  enzymatic  hydro¬ 
lysis  of  the  rmjeoprotein  molecule. 3  Thus,  a  decrease  In  sialic 
acid  would  tend  to  lower  the  volume  of  mucus  secreted  and  also 
would  make  the  mucus  more  susceptible  to  enzymatic  destruction. 

No  consistent  change  occurred  In  thechemlcal  pattern  of 
pure  mucus  secreted  from  the  canine  antral  pouches.  The  molar 
ratios  of  the  mucoproteln  carbohydrate  mpletfes  varied  very 
little,  indicating  that  essentially  the  same  kind  of  mucus 
was  being  secreted  although  much  lass  in  amount.  Since  the 
total  dry  weight  consistently  decreased,  it  is  felt  that  the 
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decreased  secretion  rate  cannot  be  accounted  for  by  mere 
changes  in  water  content. 

The  most  striking  finding  following  thermal  injury,  then, 
was  a  marked  decrease  in  the  rate  of  gastric  mucous  secre¬ 
tion.  It  is  suggested  that  these  marked  decreases  in  the 
rate  of  renewal  of  gastric  mucus  occurring  after  burn  in¬ 
jury  may  be  important  in  the  etiology  of  Curling's  ulcer. 

Summary 

Burn  trauma  caused  a  decrease  in  the  mucous  content  of 
rat  stomachs  and  also  marked  decreases  in  the  rate  of  mucous 
secretion  in  dogs  prepared  with  isolated,  denervated  antral 
pouches.  These  changes  correlated  with  an  increased  incidence 
of  postburn  gastric  and  duodenal  ulceration.  No  consistent 
change  in  the  character  of  mucus  secreted  could  be  deter¬ 
mined  from  chemical  analysis. 

It  is  proposed  that  the  burn-induced  decrease  in  the 
rate  of  renewal  of  gastric  mucus  is  an  important  factor  in 
gastroduodenal  ulceration  following  thermal  injury. 
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Antidote,  burnt,  white  phosphorus 

*tU)  Tech  Object  ve  -  A  search  Is  being  mace  for  an  antidote,  which  can  be  carried 
Ideal ly  by  the  Individual  soldier  In  his  firs*  aid  packet,  for  treatment  on  exposure 
to  white  phosphorus. 

(U)  Approach  -  A  variety  of  chemicals  ere  to  be  tested  to  find  a  satisfactory  antidote. 
Whan  a  chemical  Is  found  which  raacts  relatively  rapidly  and  completely  with  white 
phosphorus  and  which  produces  non-toxic  materials  as  a  result  of  the  reaction.  It  will 
be  tested  on  anlsMis.  Folkwing  this,  a  means  for  delivering  the  antidote  to  the 
burning  white  phosphorus  will  be  developed, 

(U)  Progress  (Mar  66  -  Jun  66)  -  Several  oxldlzing-neutral Izlng  agents  such  es  sodium 
percarbonate  end  sodium  carbonate  peroxide  have  been  tried  In  the  laboratory  thus  far 
with  no  success  under  our  conditions.  Additional  agents  will  be  tested  In  an  attempt 
te  find  e  satisfactory  one. 
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The  Surgical  Research  Unit  is  seeing  an  increasing  number 
of  patients  with  white  phosphorus  burns.  Since  white  phos¬ 
phorus  ignites  spontaneously  in  air,  a  means  must  be  found  to 
cover  the  burning  area  with  a  coating  impervious  to  air  and/or 
to  remove  the  phosphorus  through  a  chemical  reaction. 

At  the  present  time  a  solution  of  cupric  sulfate  is  being 
applied  to  areas  burned  by  white  phosphorus.  The  cupric  sul¬ 
fate  reacts  with  the  surface  of  the  phosphorus  to  form  a  pro¬ 
tective  coating,  but  only  a  small  amount  of  the  total  phos¬ 
phorus  present  is  reacted  upon.  Therefore,  we  are  searching 
for  a  compound  which  will  react  with  the  whole  phosphorus  mass. 

Since  the  products  of  the  reaction  must  cause  no  further 
damage  to  the  burned  area  and  must  be  nontoxic,  it  was  decided 
to  search  for  a  compound  that  would  oxidize  the  phosphorus  to 
oi.c'piiorus  Miuji  whivii  couic  i. .  a  i  i  zea  by  an  appropriate 

alkali.  There  are  several  compounds  available  that  are  in 
themselves  both  oxidizing  and  neutralizing  agents.  Two  of 
them  (sodium  percarbonate  and  sodium  carbonate  peroxide)  have 
been  tried  in  vitro,  but  with  little  success  since  the  rate 


of  oxidation  of  phosphorus  using  these  compounds  is  too  slow 
to  be  effective.  Other  oxidizing  agents,  catalysts  to  speed 
up  the  rate  of  oxidation,  and  other  classes  of  compounds  re¬ 
main  to  be  tried.  Once  an  effective  antidote  is  found,  a 
means  for  easy  application  of  this  antidote  will  be  sought. 


(1)  White  phosphorus 


(2)  Chemical  oxidizing  agents 
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*tU)  Tech  Objective  -  The  purpose  of  this  study  is  to  extend  understanding  of  the 
mechanisms  and  management  of  acute  renal  failure.  The  Immediate  intention  is  a  study 
of  the  renal  handling  of  hemoglobin  under  conditions  in  which  renal  failure  may  be 
produced. 

(U)  Approach  -  It  appears  that  native  hemoglobin,  which  is  soluble,  becomes  less 
soluble  under  conditions  leading  to  acute  renal  failure.  The  plan  for  exploring  this 
Change  in  solubility  examines  two  possible  modes  of  hemoglobin  precipitation:  (l) 
oxidative  denaturat’or.  with  the  production  of  a  less  soluble  pigment  molecule  and  (2) 
the  existence  of  a  co-precipitant  molecule  capable  of  reacting  with  hemoglobin  to 
produce  a  gel.  The  first  of  these  is  approached  through  a  study  of  oxidative  denatura- 
tion  of  hemoglobin  In  vitro  and  in  vivo.  The  major  technical  problem  Is  the  identificaj 
tion  of  early  oxidative  denaturation  of  the  globin  moiety  of  hemoglobin  when  such  de- 
naturation  Involves  oniy  a  small  fraction  of  the  total  pigment  present.  The  second 
area  is  approached  through  the  examination  of  a  variety  of  possible  physiologic 
jpolyanionlc  precipitants  in  vitro  and  in  vivo.  We  have  attempted  to  define  such 
material  in  the  urine  of  animals  subjected  to  tourniquet  injury  or  renal  Ischemia  and 
have  also  explored  the  consequences  of  injecting  such  materials  along  with  hemoglobin. 
(U)  Progress  (Jul  65  -  30  Jun  66)  -  The  behavior  of  hemoglobin  in  various  redox 
situations  has  beer,  explored.  Some  of  these  in  vitro  systems  h»ve  appeared  promising 
in  that  coupled  oxidation  and  accelerated  production  of  insolub  hemoglobin  deriva¬ 
tives  has  been  possible  in  systems  containing  physiologically  achievable  concentrations 
of  reactants,  in  vivo  studies  of  these  systems  have  not  been  successful,  however.  Some 
polyanionic  materials  have  functioned  as  co-preclpi tants  In  vivo,  but  have  not  Identl- 
fled  comparable  concentrations  of  polyanionic  materials  under  physiologic  conditions. 
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Studies  of  hemoglobin  denaturation  by  physiological 
systems  have  been  continued.  The  production  of  insoluble 
hemochromogens  has  been  possible  with  reasonable  concen¬ 
trations  of  oxidants  and  in  physiologically  possible  systems 
with  coupled  oxidation  i_n  vitro.  In  vivo  production  of 
acute  renal  failure  by  the  injection  of  hemoglobin  and 
oxidant  systems  has  not  yet  been  possible. 

Occasional  cast  production  has  been  possible  in  vivo, 
using  injections  of  hemoglobin  and  polyanionic  mucopoly¬ 
saccharides.  Renal  failure  per  se  has  not  occurred  with 
these  materials,  however. 

Several  technics  for  the  measurement  of  urine  glucose 
concentration  have  been  examined  and  a  method  ‘'as  been 
selected  for  future  studies. 


(1)  Acute  renal  failure  (41  Hemoglobinuria 

(2)  Renal  physiology  (5;  Hemoglobin  me tabo! ism 

(3)  Renal  pathology 


ACUTE  RENAL  INSUFFICIENCY  IN  EXPERIMENTAL  ANIMALS 


In  the  course  of  these  studies  of  experimental  acute 
renal  failure,  the  nephropathy  has  been  produced  by  injecting 
ferrocyanide  together  with  either  hemoglobin  or  methemo- 
globin,  by  injecting  globin  alone,  or  by  injecting  diazo 
derivatives  of  me.*hemoglobin  or  globin.  The  physiological 
derangements  and  the  morphological  lesions  produced  by 
these  injections  urs  similar  in  »aany  respects  to  those 
observed  in  lowe^  n sphron  nephrosis.  An  important  gap 
still  present  in  xir  knowledge,  however,  lies  in  the  fact 
that  each  of  these  exper imenta*!  situations  begins  with. an 
altered  heme  pigmeev.  while  the  clinical  syndrome  appears 
to  follow  the  release  into  plasma  of  native  hemoglobin. 

It  has  been  repeatedly  shown  in  animals  and  occasionally 
demonstrated  in  man  t  :at  simple  injection  of  native  hemo¬ 
globin  is  relatively  innocuous.  Some  additional  physio¬ 
logic  factor  must  exist  which  enhances  the  nephrotoxic 
potential  of  simple  hemoglobinemia  if  renal  failure  is 
to  follow  its  existence.  Others  have  sought  this  enhancing 
factor  in  dehydration  and  in  hemorrhagic  shock.  The 
dehydration  must  be  unrealistically  severe  to  contribute 
in  any  major  sense  and  hemorrhagic  shock  has  been  a  singu¬ 
larly  unproductive  approach. 

It  seems  quite  likely  that  enhancement  of  nephrotoxi - 
city  occurs  when  hemoglobin,  which  is  relatively  soluble, 
becomes  less  soluble  for  any  reason.  One  possibility 
suggested  by  our  studies  is  that  hemoglobin  is  subjected 
to  oxidative  denaturation  either  before  or  after  it  enters 
the  renal  tubule  in  those  conditions  where  hemoglobinemia 
leads  to  renal  failure.  During  the  reporting  period  wc 
have  explored  a  number  of  systems  which  oxidize  hemoglobin 
in  vitro.  These  systems  accelerate  hemoglobin  densturation 
and  the  production  of  insoluble  hemocbromoqens  in  vitro. 
Ferrocyanide  accelerates  oxidative  denaturation” ofTemo- 
globin  in  an  oxygen  containing  atmosphere.  We  have  been 
able  to  produce  occasional  episodes  of  renal  failure  in 
animals  by  the  simultaneous  injection  of  hemoglobin  and 
certain  oxidants,  and  have  reported  in  the  past  the  occur¬ 
rence  of  renal  failure  in  anpropriatel y  prepared  animals 
following  the  simultaneous  injection  of  human  hemoglobin 
in  ferrocyanide.  So  far,  however.  .  have  not  found  any 
physi ol oqi c  oxidant  which  will  makv.  native  hemoglobin 
nephrotoxic.  The  possibility  is  attractive  and  these  studies 


50-2 


will  be  continued. 

A  second  possibility  suggested  by  our  studies  is  the 
occurrence  of  a  co-precipitant  capable  of  gelling  with 
hemoglobin  and  appearing  in  the  tubular  fluid  under  those 
conditions  permitting  hemogl obinemia  to  lead  to  renal 
failure.  Pilot  experiments  have  been  carried  out  in  which 
the  ability  of  urine  to  cause  precipitation  of  hemoglobin 
has  been  examined  in  normal  animals  and  in  animals  subjected 
to  tourniquet  injury.  Similar  studies  have  also  been  carried 
out  in  animals  subjected  to  varying  intervals  of  interrup¬ 
tion  of  renal  blood  flow.  In  none  of  these  have  we  been 
able  to  discover  any  urinary  co-precipitant  or  any  accelera¬ 
tion  of  hemoglobin  precipitation. 

Theoretical  considerations  suggest  that  the  co-precipi¬ 
tant;,  if  it  exists,  should  be  polyanionic  in  character  and 
this  requirement  is  met  by  certain  of  the  mucopolysaccharides. 
Pilot  experiments  involving  the  injection  of  native  hemo¬ 
globin  together  with  polyanionic  mucopolysaccharides  have 
resulted  in  some  cast  formation  within  the  collecting  tubu’es 
but  have  not  led  to  frank  acute  renal  failure.  More  severe 
impairment  has  been  produced  by  injecting  these  materials 
with  methemoglobin.  This  group  of  studies,  too,  appears 
promising  and  will  be  continued. 

During  the  reporting  period,  several  methods  for  the 
measurement  of  urine  glucose  concentration  have  been 
examined.  This  measurement  is  necessary  for  the  examination 
of  reabsorptive  mechanisms  in  acute  renal  failure.  None 
of  the  measurement  technics  has  been  ideal  when  considered 
in  regard  to  blank,  specificity  and  sensitivity.  Of  the 
technics  tried,  the  most  promising  appears  to  be  that  re¬ 
ported  by  Hyvarinenl  which  uses  ortHn-toluidine  in  glacial 
acetic  acid  for  the  determination  of  a  I dosaccharides,  and 
we  have  selected  this  method  for  further  development  and 
use. 

Reference 

1.  Hyvarinen,  A.,  and  Nikkila,  E.A.:  Specific  determination 

of  blood  glucose  with  o-toluidine.  Clin.  Chim.  Acta. 

7:140-142,  1962. 
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(U)  Tech  Objective  -  To  determine  the  Influence  of  glucose  on  uric  acid  movement 
across  the  peritoneal  membrane. 

(u)  Approach  -  Mongrel  dogs  underwent  peritonea!  dialysis  with  solutions  containing 
uric  acid  which  were  made  isotonic  with  either  urea  or  glucose.  Diffusion  constants 
,+vere  established  for  uric  acid  movement  from  peritoneal  fluid  to  plasma  under  the 
influence  of  these  solutions. 

(U)  Progress  (Aug  65-Jun  66)  -  All  studies  completed  thus  far  indicate  no  effect 
of  glucose  per  se  on  uric  acid  movement  across  the  peritoneum. 
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Studies  of  the  mechanisms  by  which  uric  acid  moves  across 
the  peritoneal  membrane  were  continued  during  the  past  year. 
These  studies  have  demonstrated  that  glucose  has  no  apparent 
augmentative  or  suppressive  action  on  uric  acid  movement 
across  the  peritoneal  membrane. 


( 1 )  Uric  aci d 

(2)  Peritoneal  diffusion 


(3)  Glucose 
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STUD  It'S  OF  PERITONEAL  MEMBRANE.  PART  I.  THE  FACTORS  INFLUENCING 

MOVEMENT  OF  URIC  AGIO  ACROSS  THE  PERITONEAL  MEMBRANE 

A  previous  study  demonst rated  that  a tkai inization  of 
peritoneal  fluid  augmented  net  movement  of  uric  acid  from 
blood  to  peritoneal  fluid  (PF).  Failure  of  pyrazinamide 
or  lactate  to  impede  movenent  of  uric  acid  across  the  peri¬ 
toneum  suggested  that  an  active  transport  mechanism  similar 
to  that  found  in  the  mammalian  kidney  was  not  implicated. 

Since  glucose  administration  reestablishes  uricosuria  in 
hyperuricemic  patients  with  starvation  ketoacidosis,  the 
effect  of  glucose  on  movement  of  uric  acid  across  the  peri¬ 
toneum  was  examined  and  compared  with  that  occurring  from 
equimolar  solutions  of  urea. 

Increasing  the  concentration  of  uric  acid  in  the  dialy¬ 
zing  solution  showed  a  suppressive  effect  on  relative  diffu¬ 
sion  of  uric  acid  from  PF  to  blood. 

Methods 

Mongrel,  fasted,  non-Dalmatian  dogs  we  .ialyzed  against 
solutions  of  various  composition  listed  in  Table  1.  Arterial 
blood  and  peritoneal  fluid  samples  were  collected  simultan¬ 
eously  throughout  each  experiment  and  analyses  performed  as 
previously  reported  (1). 

Table  2  shows  that  the  per  cent  of  uric  acid  remaining 
in  the  peritoneal  cavity  was  the  same  in  equimolar  solutions 
of  urea  or  glucose  except  for  the  final  value.  Although 
rate  constants  (Table  4)  for  uric  acid  movement  became  di¬ 
vergent  toward  the  end  of  the  experimental  period,  they  were 
not  significantly  different. 

Table  3  shows  a  significantly  greater  retention  of  uric 
acid  if  the  original  concentration  was  500  mg/100  ml  rather 
than  50  mg/100  ml.  Similarly,  rate  constants  (Table  4)  for 
uric  acid  movement  from  PF  to  blood  were  also  significantly 
less  in  the  high  concentration  group. 

Discussion 


Since  uric  acid  diffusion  from  PF  to  blood  was  virtually 
identical  in  equimolar  solutions  of  urea  or  glucose,  it  is 
reasonab’e  to  conclude  that  glucose,  under  these  circumstances 
neither  impedes  nor  augments  transport  of  uric  acid  by  the 
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peritoneal  membrane.  Nonetheless,  this  does  not  exclude  an 
effect  of  glucose  per  se  since  in  this  in  vivo  experiment, 
glucose  was  present  in  normal  concentration  on  the  opposite 
side  of  the  membrane.  To  demonstrate  dependence  upon  glu¬ 
cose  would  necessitate  a  different  experimental  approach. 

Of  more  possible  importance  in  this  preliminary  study 
was  the  demons  fat ion  that  increasing  the  concentration  of 
uric  acid  in  PF  significantly  impeded  its  diffusion  con¬ 
stant.  Ordinarily,  if  simple  chemical  or  electrochemical 
diffusion  down  a  concentration  or  electrical  gradient  is  the 
mode  of  transport,  as  in  the  case  of  urea,  the  rate  constant 
will  be  approximately  the  same  regardless  of  the  concentra¬ 
tion.  If  an  active  transport  system  is  involved,  one  might 
expect  eventual  saturation  of  the  carrier  and  thereafter, 
as  the  concentration  is  raised,  the  diffusion  constant  be¬ 
comes  progressively  lower.  In  this  instance,  the  net  quan¬ 
tity  transported  per  unit  time  will  be  constant.  The  re¬ 
sults  presented  herein  are  remotely  suggestive  of  this 
characteristic,  although  considerably  more  experimentation 
is  required  to  garner  more  support  for  such  a  hypothesis. 

A  practical  question  concerning  the  possibility  of  an 
active  transport  mechanism  for  uric  acid  in  the  peritoneum 
entails  the  reason  why  the  peritoneal  membrane  should  posses 
such  a  seemingly  useless  property.  Although  the  existence 
of  this  mechanism  is  indeed  unlikely,  it  is  known  from  re¬ 
cent  work  in  starvation  ketoacidosis  in  man  that  uric  acid 
transport  in  the  kidney  is  somehow  interrelated  with  that 
of  hydrogen  ion,  potassium,  glucose,  ketone  bodies  and 
lactate.  Perhaps  a  similar  interrelationship  exists  in 
other  cel  Is. 

Reference 
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Intraperi toneal  instillation  of  isotonic  glucose  solutions 
results  in  rapid  loss  of  sodium  and  water  from  the  extracellu¬ 
lar  space  to  the  peritoneal  cavity.  Although  peritoneal  fluid 
(PF)  volume  expands,  the  quantity  of  water  accompanying  this 
solute  shift  is  inadequate  to  maintain  isotonicity  of  the  PF. 
On  the  other  hand,  while  the  diffusion  coefficient  for  Nj+ 
into  an  isotonic  urea  solution  is  quantitatively  similar,  it 
is  unaccompanied  by  PF  volume  expansion.  Serial  measurements 
of  PF  osmolality  and  concentration  of  glucose,  urea  and  Na+ 
suggest  that  the  development  of  an  osmotic  gradient  in  the  PF 
results  not  only  from  the  rapid  influx  of  Na+  with  its  accom¬ 
panying  anions  and  the  relatively  slow  efflux  of  glucose,  but 
also  suggests  that  water  diffusion  is  independent  to  that  of 
solute  and  occurs  down  its  own  concentration  gradient  created 
by  solute  diffusion. 


(1)  Peritoneal  diffusion 
(3)  Sodium  and  water  flux 


(2)  Glucose  vs.  urea 
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STUDIES  OF  THE  PERITONEAL  MEMBRANE.  PART  II. 
PERITONEAL  GLUCOSE  AND  UREA  SOLUTIONS  ON 
WATER  SHIFTS 


EFFECTS  OF  INTRA¬ 
SOLUTE  AND 


It  is  a  well  recognized  clinical  observation  that  extra- 
vascular  introduction  of  isotonic  glucose  solution  may  lead 
to  serious  hemodynamic  disturbances  as  a  consequence  of  solute 
and  water  shifts  into  the  glucose  solution  prior  to  its  ab¬ 
sorption  J  "3  The  studies  reported  herein  were  designed  to 
examine  the  kinetics  underlying  this  observation.  They  point 
out  the  rapid  formation  and  magnitude  of  the  marked  osmotic 
gradient  which  develops  under  these  circumstances. 

Methods 


Isotonic  solutions  of  glucose  or  urea  were  rapidly  instilled 
into  the  peritoneal  cavity  of  fasted,  mongrel,  non-diuretic 
dogs  in  a  dosage  of  50  ml /kg  body  weight.  Collections  of 
arterial  blood  were  made  before  fluid  instillation,  after  which 
samples  of  peritoneal  fluid  (PF)  and  arterial  blood  were  collec¬ 
ted  simultaneously  at  close  intervals.  Upon  completion  of 
the  last  collection,  the  animals  were  killed  with  either  20 
molar  KC1  intravenously  or  a  large  intravenous  dose  of  pento¬ 
barbital.  The  peritoneal  cavity  was  immediately  opened  and 
fluid  collected  by  aspiration  and  sponging.  The  difference 
in  weight  between  the  solution  instilled  and  that  harvested 
was  assumed  to  be  the  total  volume.  Corrections  were  not  made 
for  specific  gravity.  Osmolality  of  plasma  and  peritoneal 
fluid  was  estimated  from  the  freezing  point  depression  using 
the  Fiske  Osmometer.  Na+  was  determined  by  flame  photometry 
using  an  internal  lithium  standard.  Urea  was  determined  by 
a  modification  of  the  Berthelot  reaction.  Glucose  was  de¬ 
termined  by  the  method  adapted  to  the  Technicon  Autoanalyzer. 
Recovery  of  glucose  from  solutions  of  high  concentration, 
after  appropriate  dilution,  averaged  96  per  cent.  Total 
proteins  were  estimated  by  the  spectrophotometric  method. 

An  experiment  was  designed  to  study  the  effect  of  isotonic 
glucose  and  NaCl  solutions  separated  by  a  cellophane  membrane 
in  a  rigid  dialysis  chamber  whi'-h  allowed  serial  measurement 
of  volume  changes. 

Results 


Table  1  compares  mean  serial  determinations  for  peritoneal 
fluid  and  plasma  osmolality  between  the  two  solutions.  PF 
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osmolality  with  the  glucose  solutions  reached  a  maximum  value 
15  to  20  minutes  after  introduction.  Osmolality  of  the  urea 
solution  showed  no  remarkable  change  from  that  determined 
before  introduction.  Plasma  osmolality  showed  a  consistent 
fall  in  the  glucose  experiments,  but  no  remarkable  change  in 
the  urea  experiments. 

Table  2  shows  individual  and  mean  values  for  PF  volumes 
determined  immediately  upon  completion  of  the  experiments. 

The  average  volume  increased  21  per  cent  in  the  dogs  receiving 
the  glucose  solutions  but  showed  no  change  in  those  receiving 
urea  solutions. 

The  mean  and  range  of  values  for  osmotic  pressure  gradient 
across  the  peritoneum  were  estimated  from  the  difference  be¬ 
tween  Pf  and  plasma  osmo1ality6,  and  are  shown  in  Figure  1. 

The  speed  with  which  this  remarkable  pressure  gradient  developed 
outstripped  that  of  the  corresponding  volume  change  shown  in 
Table  2.  Accompanying  this  change  in  PF  osmolality  and  PF 
volume  was  a  mean  increase  of  total  serum  protein  concentra¬ 
tion  of  10  per  cent  (Table  3)  which  similarly  agrees  with  the 
simultaneous  changes  of  PF  osmolality  and  volume.  Total 
plasma  protein  concentration  in  dogs  receiving  urea  solutions 
showed  no  change. 

Table  4  compares  serial  changes  of  sodium  concentration 
in  peritoneal  fluid  in  animals  dialyzed  against  glucose  or 
urea  solutions.  The  values  are  not  remarkably  different, 
indicating  that  development  of  the  PF  osmotic  gradient  was 
not  due  to  more  rapid  influx  of  Na+  in  (fogs  receiving  glucose 
solutions. 

Figure  2  illustrates  the  serial  fall  of  glucose  concen¬ 
tration  compared  to  the  simultaneous  rise  of  Na+  concentra¬ 
tion  in  a  representative  experiment.  In  a  similar  manner, 

Mgure  3  compares  the  fall  of  urea  concentration  with  the  rise 
in  Na+  concentration  in  another  experiment.  rhe  diffusion 
•.©efficient  for  Na+  influr  into  the  Pf  is  nearly  identical 
*ith  either  glucose  or  urea  solutions  and  suggests  that 
apidity  of  Na+  influx  into  the  PF  occurs  down  its  own  con- 
entration  gradient  independently  of  the  type  of  solute 
present  in  the  PF  or  the  degree  of  PF  hypertonf ci ty .  The 
iffusion  coefficient  for  urea  in  Figure  3  was  greater  than 
hat  for  glucose  illustrated  in  Figure  2. 
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MEAN  AND  RANGE  OF  OSMOTIC  PRESSURE  GRADIENT 
BETWEEN  PERITONEAL  FLUID  AND  PLASMA. 


Figure  1 . 
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Table  5  shows  the  mean  and  range  of  per  cent  glucose  and 
urea  remaining  in  the  peritoneal  cavity,  corrected  for  change 
in  volume,  at  similar  intervals.  This  confirms  the  greater 
diffusivity  of  urea  under  these  conditions. 

Manome~-ic  recordings  indicative  of  fluid  shifts  during 
dialysis  of  normal  saline  against  isotonic  glucose  across 
cellophane  are  illustrated  in  Figure  4.  There  was  a  gain  of 
volume  on  the  glucose  side,  similar  qualitatively  to  that 
occurring  T_n  vivo. 

Discussion 

The  mechanism  underlying  the  accumulation  of  water  and  salt 
into  subcutaneous,  intraperi toneal  or  intraintestinal  spaces 
following  introduction  of  solutions  containing  poorly  absorbed 
solutes  has  been  studied  by  several  groups  of  investigators. ^“5 

In  these  studies  it  was  shown  that  after  introduction  of 
an  isotonic  glucose  solution  into  the  peritoneal  cavity, 
extracellular  electrolytes  diffuse  from  blood  to  peritoneal 
fluid  at  rates  determined  by  thei--  individual  coefficients  for 
diffusion.  Ultimately,  extracellular  electrolytes  are  seques¬ 
tered  and  the  associated  hypovolemia  leads  tc  circulatory  em¬ 
barrassment.  Although  these  consequences  are  well  understood, 
interesting  observations  concerning  their  kinetics  were  made 
during  the  experiments  reported  herein.  In  this  study,  it 
was  disclosed  that  despite  an  increase  in  PF  volume,  osmoiality 
increased.* 

Net  solute  concentration  changes  in  peritoneal  fluid  were 
unaccompanied  by  an  appropriate  quantity  of  water  to  preserve 
isotonicity.  The  simultaneous  fall  in  plasma  osmolality  in 
the  face  of  an  expanding  PF  volume  and  increasing  PF  osmolal¬ 
ity  indicates  that  net  solute  influx  from  plasma  was  greater 
than  the  simultaneous  influx  of  water. 

There  is  no  PF-plasma  gradient  for  water  at  zero  time 


*  One  group  of  investigators  (Schechter,  et  ak^)  stated 
that  introduction  of  isotonic  glucose  into  the  peritoneum  pro¬ 
duced  no  changes  of  peritoneal  fluid  osmotic  pressure  since 
solute  and  water  shifts  in  both  directions  were  balanced. This 
conclusion  was  based  upon  osmolal i ty  estimated  from  serial  changes 
in  glucose  and  sodium  concentration,  and  therefore  was  probably 
erroneous. 


Corrected  for  total  volume  charge. 
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since  the  glucose  solution  was  isotonic  to  plasma.  However,  a 
concentration  gradient  for  water  wes  created  by  diffusion  of 
sodium  and  its  accompanying  anions  from  plasma,  thus  indicating 
that  movement  of  solute  is  apparently  independent  of  water 
movement.  In  the  urea  experiments,  because  of  the  relatively 
more  rapid  diffusion  of  urea  to  plasma,  water  gra^ent  forme - 
tion  is  prevented,  thus  a  net  flux  of  water  does  not  occur. 

Although  diffusion  coefficients  for  sodium  influx  in,e  PF 
containing  glucose  and  urea  (Figure  5)  and  that  for  glucose 
efflux  in  terms  of  concentration  gradient  between  p'asma  a  d 
PF  were  virtually  identical  (Figure  2),  the  total  quantity 
of  solute  which  diffused  into  PF  (sodium  and  its  accompanying 
anions)  was  greater  into  glucose  than  urea.  Using  data  from 
tables  2  and  4,  it  is  apparent  that  sodium  and  its  anions 
accounted  for  a  solute  influx  of  252  mMols,*  whereas  efflux 
of  glucose  was  159  mMols.  This  indicates  that  for  each  liter 
of  isotonic  glucose  introduced  into  the  peritoneal  cavity, 
within  30  minutes  approximately  93  mMols  of  solute  and 
210  ml  of  water  entered  from  plasma.  Normal  plasma  wate^ 
concentration  in  terms  of  solute  is  approximately  3.3  ml/ 
mOsm.**  The  observed  ratio  under  these  circumstances  is 
2.2  ml/iiiQsm  which  coincides  well  with  the  development  of 
PF  hypertonicity.  Similar  calculations  from  the  data  con¬ 
cerning  exchange  of  solutes  in  the  urea  experiments  shaw 
that  an  average  of  232  mMo^s  of  Na+  and  its  anions  entered 
the  PF  while  228  mMols  of  urea  entered  the  plasma.  Thus  an 
osmotic  gradient  favoring  water  movement  was  not  produced. 
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suggested  the  possibility  that  urinary  ammonia  produced  endogenously  or  that  produced 
secondary  to  bacterial  splitting  of  urea  might  alter  uric  acid  content  and  consequently! 
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may  be  the  recent  report  that  certain  patients  who  produce  uric  acid  stones  as  well  as 
patients  with  gout  excrete  less  urinary  NH»  relative  to  hydrogen  Ion  after  receiving  a 
standard  acid  load  thin  normal  subjects  under  the  same  circumstances.,  It  was  therefore! 
reasoned  that  perhaps  therein  lies  the  explanation  of  increased  uric  acid  excretion  In 
certain  patients  with  gout  or  urate-nephrolithiasis. 

N. 

(U)  Progress  (Nov  65-Jun  66)  -  Studies  are  In  progress  Involving  both  acute  and  long 
term  manipulation  of  both  plasma  and  urinary  pH  and  urinary  NH-*  concentration  to 
determine  If  such  a  relationship  exists.  Sufficient  data  are  pot  yet  available  to 
warrant  discussion  or  conclusions. 
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Studies  were  undertaken  to  determine  acute  effects  of 
varying  urine  and  plasma  composition  on  uric  acid  excretion 
and  the  effect  of  urinary  anmonia  on  hydrolysis  of  uric  acid. 

It  was  discovered  in  this  laboratory  that  uric  acid  con¬ 
centration  in  urine  or  aqueous  solutions  showed  a  sharp  de¬ 
crease  if  exposed  to  armonium  hydroxide  vapor.  This  finding 
suggested  the  possibility  that  urinary  ammonia  produced  en¬ 
dogenously  or  that  produced  secondary  to  bacterial  splitting 
of  urea  might  alter  uric  acid  content  and  consequently  affect 
its  values  for  clearance  or  excretion.  A  clinical  corollary 
of  this  observation  may  be  the  recent  report  (Henneman,  P.H., 

S.  Wallach  and  E.F. Dempsey:  The  metabolic  defect  responsible 
for  uric  acid  stone  formation.  J.  CHn.  Invest.  41:537#  1962) 
that  certain  patients  who  produce  uric  acid  stones  as  well  as 
patients  with  gout  excrete  less  urinary  NHj  relative  to  hy¬ 
drogen  ion  after  receiving  a  standard  acid  load  than  normal 
subjects  under  the  same  circumstances.  It  was  therefore 
reasoned  that  perhaps  therein  lies  the  explanation  of  increased 
uric  acid  excretion  in  certain  patients  with  gout  or  urate- 
nephrolithiasi  s. 

Studies  are  in  progress  involving  both  acute  and  long  term 
manipulation  of  both  plasma  and  urinary  pH  and  urinary  NHj  con¬ 
centration  to  determine  if  such  a  relationship  exists.  Sufficient 
data  are  not  yet  available  to  warrant  discussion  or  conclusions. 

(1)  Uric  Acid  (2)  Acidosis  (3)  Alkalosis  (4)  Urinary  NHj 
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Uric  acid,  protein-binding,  binding-displacement 

M  (U)  Tech  Objective  -  Studies  were  initiated  to  determine  simultaneous  dialysance  rates  I 
of  uric  acid,  creatinine  and  urea  across  the  twin-coil  artlf’clal  kidney  and  whether 
changes  in  concentration  of  other  endogenous  or  exogenous  substances  suspected  to  | 

compete  with  uric  acid  for  similar  protein  binding  sites  influence  this  measurement,  i 


(U)  Approach  -  Detailed  investigation  of  methods  for  determination  of  uric  acid 
“binding  have  been  completed.  In  normal  Individuals,  approximately  25%  or  one  mole  of 
uric  acid  is  bound  to  every  two  moles  of  serum  proteins.  Electrophoretic  analysis  of 
carbon-14  labelled  uric  acid  incubated  with  normal  plasma  Indicate  that  albumin  is  the 
major  carrier  protein  witn  a  smaller  but  significant  fraction  bound  to  an  alpha  globu¬ 
lin. 


(U)  Progress  (Feb  66-Jun  66)  Having  established  normal  data,  current  studies  are  In 
progress  to  determine  the  simultaneous  effects  of  substances  which  are  known  to  react 
„reverslbly  with  serum  proteins.  Currently  under  investigation  are  fatty  acids, 
triglycerides  and  certain  drugs  which.  If  shown  to  compete  for  similar  binding  sites, 
may  ba  amenable  to  therapeutic  manipulation  to  enhance  uric  acid  removal  during 
hemodialysis.  This  project  has  not  been  In  effect  for  an  adequate  time  nor  have 
adequate  data  been  obtained  to  allow  a  conclusive  report. 
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Studies  were  initiated  to  determine  simultaneous  dialy- 
sance  rates  of  uric  acid,  creatinine  and  urea  across  the 
twin-coil  artificial  kidney  and  whether  changes  in  concen¬ 
tration  of  other  endogenous  or  exogenous  substances  sus¬ 
pected  to  compete  with  uric  acid  for  similar  protein  binding 
sites  influence  this  measurement. 

Detailed  investigation  of  methods  for  determination  of 
uric  acid  binding  have  been  completed.  In  normal  indi¬ 
viduals,  approximately  25  per  cent  or  one  mole  of  uric 
acid  is  bound  to  every  two  moles  of  serum  proteins.  Elec¬ 
trophoretic  analysis  of  carbon-14  labelled  uric  acid 
incubated  with  normal  plasma  indicate  that  albumin  is  the 
major  carrier  protein  with  a  smaller  but  significant  frac¬ 
tion  bound  to  an  alpha  globulin. 

Having  established  normal  data,  current  studies  are  in 
progress  to  determine  the  simultaneous  effects  of  sub¬ 
stances  which  are  known  to  react  reversibly  with  serun 
proteins.  Currently  under  investigation  are  fatty  acids, 
triglycerides  and  certain  drugs  which,  if  shown  to  com¬ 
pete  for  similar  binding  sites,  may  be  amenable  to  thera¬ 
peutic  manipulation  to  enhance  uric  acid  removal  during 
hemodialysis. 

This  project  has  not  been  in  effect  for  an  adequate 
time  nor  have  adequate  data  been  obtained  to  allow  a 
conclusive  report. 

(1)  Uric  Acid  (2)  Protei n-bi tiding  (3)  Binding-displacement 
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Uric  acid,  ammonia  excretion,  EDTA _ 

M(U)  Tech  Objective  -  In  vitro  studies  show  that  ammonia  produces  a  prompt  fall  in  uric 
acid  concentration  in  plasma  or  aqueous  solutions  containing  uric  acid  and  recent 
studies  show  that  patients  with  gout  produce  less  ammonia  for  a  given  degree  of 
acidosis  than  normal  subjects  and  suggest  that  renal  excretion  of  ammonia  may  somehow 
be  related  to  the  disposition  of  uric  acid.  This  study  was  designed  to  determine  the 
neffect  of  enhanced  ammonia  concentration  on  the  renal  excretion  of  uric  acid  while  on 
a  constant  purine  Intake.  In  addition,  the  effect  of  EDTA  on  urine  uric  acid  levels 
|  was  examined,  since  evidence  was  elicited  suggesting  that  EDTA  protects  uric  acid  In 
alkaline  solutions  from  auto-oxidetion. 

(U)  Approach  -  The  basic  plan  was  to  Influence  the  urinary  ammonia  output  of  test 
subjects  by  urinary  alkal inlzatlon  for  a  one-week  period  with  Shohl's  solution, 
followed  by  urinary  acidification  for  a  one-week  period  with  emmonulm  chloride.  During 
this  period,  urinary  output  of  uric  acid  an  plasma  uric  acid  levels  were  measured. 

Test  subjects  were  maintained  on  a  constant  purine  Intake.  Each  voiding  of  urine  was 
^measured  and  divided  into  two  equal  aliquots.  One  was  kept  under  refrigeration  In  a 
container  with  EDTA.  Obtaining  a  sufficient  number  of  test  subjects  who  tolerate  the 

of  the  study  has  been  difficult.  I 

(U,  Progress  (Oct  65-Jun  66)  -  Test  subjects  studied  seem  to  shew  no  relation  between 
their  urinary  uric  acid  output  and  their  states  of  alkal inlzatlon  or  acidification. 
Plasma  uric  acid  levels  seem  to  fall  near  the  end  of  the  seven-day  period  of  alkal Inl¬ 
zatlon.  Uric  acid  levels  measured  in  urine  with  no  preservative  were  the  same  as 
those  measured  In  urine  containing  EDTA. 
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Studies  In  progress  In  this  laboratory  have  shown 
that  exposure  of  aqueous  solutions,  urine  or  plasma  con¬ 
taining  uric  acid  to  amnonia  produces  a  prompt  fall  in 
uric  acid  concentration.  Although  the  final  products  of 
this  chemical  reaction  are  unknown,  chromatographic, 
radioautographic  and  electrophoretic  studies  have  shown 
evidence  of  new  product  formation. 

This  finding,  considered  In  11  gilt  of  recent  studies 
showing  that  patients  with  gout  produce  less  ammonia  for 
a  given  degree  of  acidosis  than  normal  subjects,  suggests 
that  ammonia  in  urine  under  certain  circumstances  may 
have  an  important  role  in  disposition  of  uric  acid. 

A  pilot  study  was  performed  using  convalescent  burned 
patients  tc  determine  the  effect  of  urinary  aikaliniza- 
tion  as  compared  to  acidification  on  renal  uric  acid 
excretion. 

(1)  Uric  acid 

(2)  Ammorii*  excretion 

(3)  EDTA 
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THE  INFLUENCE  OF  URINARY  AMMONIA  ON 
URIC  ACID  EXCRETION 


In  a  study  of  peritoneal  diffusion  of  uric  acid  in 
dogs,'  it  was  necessary  to  determine  the  pK  value  of  uric 
acid  in  solutions  having  the  ionic  strength  of  plasma  at 
body  temperature.  Th»i  spectrophotometr ic  method  was 
chosen  as  the  means  of  determining  this  value;  this  en¬ 
tails  measuring  the  optical  density  of  uric  acid  in 
buffers  of  carefully  measured  pH  values  at  a  preselected 
wavelength,  it  is  necessary  to  use  buffers  with  no  sig¬ 
nificant  absorbency  at  the  wavelength  under  investigation. 
At  the  point  of  maximum  absorbency  for  uric  acid-pH9,  the 
recommended  buffer  is  one  containing  ammonium  chloride 
and  ammonium  hydroxide  in  solution. 

In  our  early  attempts  at  measuring  the  absorbency  of 
uric  acid  in  the  ammonium  chloride-ammonium  hydroxide 
buffer,  we  noted  on  several  occasions  that  the  absorbency 
of  uric  acid  at  pH9  was  less  than  that  in  the  buffers 
of  lower  pH  at  a  wavelength  of  292  mu,  a  fact  which  is 
inconsistent  with  theoretical  considerations.  When  the 
same  concentration  of  uric  acid  in  buffers  at  pH9  of 
different  composition  was  measured,  the  expected  maximum 
absorbency  at  292  mu  was  recorded.  From  this  experience, 
it  seemed  that  ammonia  or  ammonia-llke  compounds  were 
responsible  for  the  decomposition  of  uric  ecld. 

To  further  investigate  the  effect  of  ammonia  or 
uric  acid,  two  similar  aliquots  of  a  standard  solution 
of  uric  acid  were  each  placed  under  a  bell  jar  in  an 
open  container.  Under  one  jar  was  placed  a  container 
of  water,  under  the  other  was  placed  an  open  container 
of  a  solution  of  ammonium  hydroxide.  After  overnight 
exposure  at  room  temperature,  the  uric  acid  content 
f  the  two  standard  aliquots  was  measured.  Practically 
100  per  cent  of  the  uric  acid  remained  in  the  container 
exposed  to  water  vapor,  whereas  only  about  10  per  cent 
of  the  original  uric  acid  remained  In  the  container 
exposed  to  ammonia  vapors.  Similar  results  were  ob¬ 
served  when  uric  acid  in  aqueous  solution  or  in  .05H 
sodium  borate  buffer  at  pH  9*0  w*s  exposed  to  ammonia 
vapors.  There  are  rather  casual  references  to  the 
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Instability  of  uric  acid  in  alkaline  solutions, ^  but 
for  the  most  part  degradative  changes  seem  to  have  been 
observed  in  solutions  of  pH!2  and  above,  more  alkaline 
solutions  than  those  in  th-s  study,  it  seems  unlikely 
that  the  changes  in  uric  acid  concentration  caused  by 
ammonia  are  due  to  pH  effects  alone  since  uric  acid  in 
buffers  of  equivalent  pH  and  ionic  strength  of  the 
ammonia  containing  buffers  does  not  seem  to  undergo  the 
rather  prompt  decomposition  observed  in  the  ammonia 
buffers. 

Equimolar  solutions  of  uric  acid  in  ammonium 
chloride  buffers  of  pH  5.3,  6,7,  and  9.0  in  addition 
to  an  aqueous  solution  of  uric  acid  were  prepared  and 
the  optical  densities  at  292  recorded.  The  solutions 
were  placed  in  the  refrigerator  over  a  four-d=„y  period, 
then  their  absorbencies  again  recorded.  Only  the  uric 
acid  at  pH9  showed  a  change  in  reading. 

To  test  further  the  action  of  ammonia  on  uric  acid, 
an  aqueous  solution  of  uric  acid  was  spotted  onto  the 
origin  of  Whatman  No.  1  chromatographic  paper.  One 
paper  was  hung  in  a  chromatographic  chamber  and  ex¬ 
posed  to  water  vapor  overnight,  the  other  paper  was 
hung  in  a  chromatographic  chamber  and  exposed  to  ammonia 
vapors.  Then  both  papers  were  air  dried  and  chromato¬ 
graphed  in  a  butanol -pyridine-water  solvent.  Upon 
exam  *,iat  ion  of  the  chromatograms,  there  was  some  evidence 
of  decomposition  of  uric  acid  in  the  ammonia  atmosphere, 
but  it  was  not  of  the  order  observed  in  the  aqueous  am¬ 
monia  buffers.  Chromatograms  of  uric  acid  developed  in 
an  ammonia-containing  solvent  also  showed  evidence  of 
uric  acid  decomposition  amounting  to  10-15  per  cent  of 
the  original  concentration. 

We  tested  the  behavior  of  uric  acid  in  an  ammonia¬ 
like  buffer  of  pH  8.9  containing  Tris  and  EDTA  and 
found  that  no  spontaneous  changes  in  absorbency  occurred 
in  this  solution,  Furthermore,  when  this  solution  was 
exposed  to  ammonia  vapors  overnight  at  room  temperature, 
it  showed  less  than  a  two  per  cent  change  in  absorbency 
at  292  mu.  Of  the  buffers  tested  in  this  study,  only 
this  one  showed  no  change  in  absorbency  after  exposure 
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to  ammonia  vapors.  This  suggested  that  whatever  the 
effect  of  ammonia  on  uric  acid  in  solution,  EDTA  Is  in¬ 
hibitory  toward  it. 

The  following  experiment  seemed  to  confirm  the 
above  hypothesis.  A  .05  M  ammonium  chloride-ammonium 
hydroxide  buffer  of  pH  8.97  was  prepared.  An  aliquot 
of  this  buffer  was  made  01  M  with  respect  to  EOTA 
and  the  pH  adjusted  to  8.97  with  ammonium  hydroxide. 
Equimolar  quantities  of  uric  acid  were  dissolved  in 
each  of  the  two  buffers,  a  portion  of  each  buffer  being 
saved  as  a  blank.  The  absorbency  of  each  solution  was 
read  against  its  blank  at  selected  time  intervals.  Be¬ 
tween  readings,  the  solutions  were  stored  in  the  re¬ 
frigerator.  Over  a  period  of  four  days,  the  absorbency 
of  the  uric  acid  solution  containing  EDTA  showed  no 
change,  whereas  that  of  the  buffer  without  EDTA  had  de¬ 
creased  in  absorbency  by  36  per  cent.  At  the  end  of  10 
days,  the  EDTA  containing  solution  still  had  not  changed 
in  absorbency  whereas  the  other  solution  had  decreased 
by  68  per  cent.  After  20  days  when  only  four  per  cent 
of  the  original  uric  acid  remair.jd  In  the  solution  with¬ 
out  EDTA,  96  per  cent  of  the  original  uric  acid  was 
still  present  in  the  buffer  containing  EDTA. 

Uric  acid  solutions  labeled  with  tracer  were 
exposed  to  ammonia  vapors  and  water  and  the  resulting 
solutions  chromatographed.  The  r adloautographs  of  the 
chromatograms  showed  that  while  uric  acid  exposed  to 
ammonia  vapors  underwent  a  form  of  decomposition,  so¬ 
lutions  exposed  to  water  vapor  alone  also  showed  un¬ 
expected  changes.  Similar  experiences  were  encountered 
with  plasma  samples  containing  C'4  labeled  uric  acid 
when  eAposed  to  amnion  I  a  vapor  and  water.  Until  these 
experiments  with  C'^  labeled  uric  acid,  It  was  felt 
that  ammonia  containing  solutions  of  alkaline  pH  had 
some  unique  oxidative  effect  on  uric  acid,  but  the 
ease  with  which  carbon- labeled  uric  acid  exposed  to 
water  vapor  was  oxidized  caused  some  consternation. 

The  nature  of  the  products  formed  from  uric  acid 
seems  to  vary  with  the  conditions  of  the  experiment. 

When  exposed  to  water  vapor,  uric  acid  showed 
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rad ioautographic  evidence  of  one  major  oxit—  tion  product 
whereas  when  exposed  to  ammonia  vapor,  several  oxidative 
compounds  were  formed.  Praetor ius5  and  Canellakis^  5n 
their  studies  of  the  action  of  uricase  on  uric  scid 
found  also  that  the  nature  of  end  products  formed  is 
dependent  on  pH  and  type  of  buffer  employed. 

There  remained  the  possibility  that  the  loss  of 
absorbency  of  ammonia-containing  solutions  of  uric  acid 
was  due  to  formation  of  ammonium  urate  which  either  did 
not  absorb  in  the  ultraviolet  region  or  was  precipitated 
from  solution.  Solutions  of  authentic  ammonium  urate 
were  prepared,  however,  and  showed  the  absorption  curve 
characteristic  of  uric  acid.  No  visible  precipitate  was 
detectable  in  the  ammonia-containing  uric  acid  buffer, 
nor  could  any  ultraviolet-absorbing  material  be  eluted 
from  a  sintered  glass  filter  through  which  the  uric 
acid  solution  had  been  passed.  Ammonium  urate  solutions 
left  at  room  temperature  overnight  lost  64  per  cent 
of  their  original  absorbency  at  292  mu  whereas  ammonium 
urate  solutions  prepared  in  pH9  buffer  containing  am¬ 
monium  hydroxide,  ammonium  chloride  and  EDTA  showed  no 
changes  in  absorbency  when  left  at  room  tempe.-ture 
overn  ght , 

decent  studies  by  Henneman,  et  ah  J  and  by  Gutman 
and  Yu ®  show  that  patients  with  gout  produce  less 
ammor  ia  for  a  given  degree  of  acidosis  than  normal  sub¬ 
ject.  These  observations  along  with  our  experimental 
stL.  es  of  tne  action  of  ammonia  on  uric  acid  In  so¬ 
lutions  suggest  that  ammonia  in  urine  under  certain 
ci rtoHtstances  might  have  an  Important  role  in  the  dls- 
pos  tion  of  uric  acid.  A  pilot  study  was  designed  to 
determine  the  effect  of  urinary  al kal  irslzatlon  against 
acidification  on  renal  uric  acid  excretion  while  on  a 
constant  purine  intaks. 

Normal  subjects  on  a  constant  purine  diet  were  al- 
kalinized  by  daily  oral  administration  of  Shohl's  solu¬ 
tion  for  a  period  of  seven  days.  Following  this  period, 
the  next  seven  days  each  subject  was  given  a  dally  oral 
dose  of  7.5  gm  of  ammonium  chloride  in  tomato  Juice. 
Urine  samples  were  collected  daily  during  the  study. 
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Blood  samples  were  collected  every  second  day.  Each  void¬ 
ing  of  urine  was  measured,  and  half  the  quantity  was  placed 
in  a  bottle  containing  300  mg  of  EDTA  as  preservative;  the 
other  half  was  placed  in  a  container  with  no  preservative. 
Bottles  were  kept  ref r igerater1  during  the  collection  period. 

At  the  end  of  each  daily  collection,  each  aliquot  of  urine 
was  measured  and  analyzed  for  uric  acid  and  electrolytes. 

Blood  plasma  was  also  analyzed  for  uric  acid  and  electrolytes. 

Total  daily  urinary  output  of. uric  acid  seemed  to  be  no 
different  during  the  alkal inization  period  than  during  the 
period  of  acidification.  The  aliquots  of  urine  containing 
EDTA  had  the  same  uric  acid  content  as  the  corresponding 
aliquots  without  preservative.  Random  samples  which  were 
saved  and  stored  in  the  refrigerator  for  several  days  then 
reanalyzed  for  uric  acid  content  also  showed  no  difference 
between  aliquots  containing  EDTA  and  those  with  no  preserva¬ 
tive.  The  only  notable  change  was  an  apparent  fall  in  plasma 
uric  acid  level  near  the  end  of  the  seven-day  period  of  al¬ 
kal  inization. 

Cn  the  basis  of  the  work  to  date,  It  is  net  possible  to 
say  just  what  effect  urinary  ammonia  or  alkal inization  does 
have  on  the  excretion  of  uric  acid.  Uric  acid  as  it  occurs 
in  urine  does  not  seem  to  undergo  the  spontaneous  decomposi¬ 
tion  that  was  noted  in  alkaline  ammonia  containing  systems. 

The  protective  action  of  EDTA  toward  uric  acid  in  alkaline 
solution  suggests  that  the  autodecomposi tlon  might  be  a 
metal -catalyzed  reaction  enhanced  by  the  presence  of  am¬ 
monia.  Copper  has  been  implicated  as  catalyst  In  both 
enzymatic9  and  nonenzymatlc'O  oxidations  of  uric  acid. 

Another  study'!  suggests  that  iron  may  play  a  role  in 
certain  oxidative  reactions  of  uric  acid.  Further  work 
is  needed  to  elucidate  the  nature  of  the  action  of  am¬ 
monia  on  uric  acid  in  solution. 
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At  present,  the  most  sensitive  reliable  method  for  deter¬ 
mining  erythropoietin  activity  is  a  bioassay  utilizing  radio¬ 
iron  incorporation  i  o  red  blood  cel 1 '  as  a  gauge  of  ery- 
thropoiesis  in  hypertransfustid  or  hypoxia-induced  plethoric 
mice.  Preliminary  studies  in  the  US  Army  Surgical  Research 
Unit  Renal  Laboratory  had  confirmed  the  reliability  and  sen¬ 
sitivity  of  this  assay  method. 

A  case  of  polycythemia  associated  with  a  simple  renal 
cyst  is  presented.  Three  weeks  following  excision  of  the 
renal  cyst,  the  patient's  hemoglobin  had  fallen  to  normal 
levels.  Cyst  fluid,  serun,  and  urine  were  assayed  for  ery¬ 
thropoietin  activity  in  the  hypoxia-induced  polycythemic 
mouse.  Erythropoietin  activity  was  found  in  the  cyst  fluid 
and  in  preoperative  serum  and  urine.  Three  weeks  post- 
operatively,  the  urinary  erythropoietin  level  had  returned 
to  normal. 

While  there  c  abundant  evidence  that  erythropoietin 
originates  primarily  in  the  kidney,  the  site  of  production 
within  the  kidney  has  not  been  conclusively  determined. 

This  patient's  cyst  well  shows  only  compressed  tubules; 
no  glomeruli  or  juxtaglomerular  tissue  Is  present.  A 
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portion  of  this  cyst  wall  is  currently  being  propagated 
in  tissue  culture  media  in  the  Cytokinetics  Laboratory 
of  the  USAF  School  of  Aerospace  Medicine.  Vrfien  suf¬ 
ficient  tissue  culture  supernatant  fluid  has  been  har¬ 
vested,  this  material  will  be  assayed  for  erythropoietin 
activity.  If  activity  is  found,  it  wc_id  suggest  that 
the  renal  tubular  cell  is  indeed  i  site  of  erythro¬ 
poietin  production. 


(1)  Erythropoietin 

(2)  Polycythemia 

(3)  Renal  Cyst 
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ERYTHROCYTHEMIA  SECONDARY  TO  AN  ECTOPIC  SITE 
OF  ERYTHROPOIETIN  PRODUCTION 


A  humoral  regulator  of  erythropoiesis  was  first  sug¬ 
gested  by  Carnot  and  Deflandre  in  1906  based  on  studies 
of  rabbits  with  posthemorrhagic  anemiaJ  In  1950,  '’eissman 
reported  the  first  convincing  evidence  of  such  a  humoral 
agent. 2  He  demonstrated  that  if  one  of  a  pair  of  parabiotic 
rats  were  made  hypoxic,  erythroid  hyperplasia  developed  in 
both  animals,  implying  that  a  humoral  agent  had  crossed  the 
anastomotic  vascular  channels.  Erslev,  in  1953>  was  the 
first  to  provide  direct  demonstration  of  a  plasma  factor. 3 
He  injected  large  amounts  of  plasma  from  severely  bled 
rabbits  into  normal  rabbits.  After  four  daily  injections 
of  50  ml  of  plasma,  he  observed  a  reticulocytosis;  when 
plasma  was  given  over  a  longer  period,  polycythemia 
devel oped. 

To  date,  erythropoietin  has  not  been  crystallized, 
but  substantial  purification  has  been  achieved.  The  hor¬ 
mone  is  thought  to  be  a  gl  ycorv-o'  ain  with  a  molecular 
weight  of  about  28000*  Schooley  and  &»rcia  have  pro¬ 
duced  anti-erythropoietin  serum  in  rabbits  and  goats  against 
concentrated  partially  purified  human  urinary  erythro¬ 
poietin.  5  Their  serum  produces  distinct  bands  of  precipi¬ 
tation  on  Ouchterlony  plates  and  neutralizes  biologic  ac- 
activity  of  erythropoietin  specifically.  This  work  may 
form  the  basis  for  an  accurate  immunoassay  in  the  near 
future.  Attempts  to  deve’op  an  in  vi tro  assay  have  thus 
far  met  with  little  success.^  AT~present,  the  most  sensi¬ 
tive  reliable  method  for  determining  erythropoietin  ac¬ 
tivity  is  a  bioassay  utilizing  radioiron  incorporation 
into  red  blood  ceils  as  a  gauge  of  erythropoiesis  in 
hypertransfused  or  hypoxia- induced  plethoric  mice.' 

Preliminary  studies  in  the  US  Army  Surgical  Research 
Unit  Renal  Laboratory  have  confirmed  the  reliability 
and  sensitivity  of  this  assay  method. 

Erythropoietin  Bioassay 


Adult  female  Swiss-Webster  mice  are  observed  for  a 


period  of  four  weeks  for  evidence  of  disease  or  failure  to 
thrive.  Any  animal  losing  weight  is  not  used  in  the  assay. 
On  Day  1  of  the  assay,  1.0  ml  of  washed,  packed,  homologous 
red  blood  cells  are  injected  intrapen  toneal  1y.  On  Oay  2, 
this  intraperi toneal  transfusion  is  repeated.  On  Day  7, 
the  average  hematocrit  for  the  group  has  been  72%  (average 
pretransfusion  hematocrit  48%).  The  material  to  be  assayed 
is  injected  intraperi toneal 1 y  on  Days  7  and  8.  On  Day  9» 
radioiron  (ferrous  citrate)  is  injected  i ntraperi toneal 1y 
(about  150,000  counts/minute/anima! ) .  On  ":v  11,  the 
animals  are  bled,  using  the  axillary  pooli.g  method,  and 
0.5  ml  of  Hood  is  counted  in  a  well  counter.  Animals  with 
a  hematocrit  less  than  55%  on  the  day  of  counting  are  dis¬ 
carded.  The  %  radioiron  incorporation  is  determined  by 
the  formula  shown  in  Table  1. 

Erythropoietin  is  currently  quantitated  in  terms  of 
standard  units  set  by  the  Medical  Research  Council  of 
England/  This  agency  has  a  large  pool  of  concentrated, 
partially  purified  urinary  human  erythropoietin  which  it 
assays  in  polycythemic  mice  and  distributes  to  investi¬ 
gators  for  assay  standardization.  They  have  recommended 
.that  investigators  prepare  their  own  erythropoietin 
laboratory  control  and  calibrate  the  bioassay  in  terms  of 
units  of  the  International  standard.  Having  established 
the  potency  of  the  laboratory  standard,  this  material  can 
then  be,  used  for  fuHher  laboratory  quantitation.  The 
SRU  a* say  has  been  calibrated  with  a  laboratory  standard 
provided  by  Dr.  Meter  Lowy  of  the  California  Institute  of 
Technology  (Table  2).  Since  this  material  has  been  cali¬ 
brated  with  the  International  standard,  it  has  been  serving 
as  an  approximate  gauge  of  activity,  pending  shipment  of 
the  International  standard  from  Engla  .d.  These  vat_.es 
plotted  on  semi-log  paper  yield  a  linear  log  dose-response 
curve. 

The  transfusions  required  to  produce  polycythemia  n 
these  mice  a?  1  tedious,  time  consuming,  and  costly,  .lince 
an  average  v:  four  mice  must  be  sacrificed  to  produce  enough 
red  cells  to  transfuse  one  vest  animal.  We  are,  therefore, 
currently  using  the  hypoxia-induced  plethora  technique. 

Adult  female  Swiss-Webster  mice  are  kept  at  simulated 
chamber  altitude  of  13,000  feet  for  17  dayi .  average 
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Table  2.  Dose-Response  with  Laboratory  Standard  EP 


Mg  of  laboratory 
Standard  Erythropoietin 

%  Fe59  Incorporation 

Saline  control 

0.28  ±  0.04 

0.05 

0.88  ±  0.39 

0.20 

3.83  ±  0.51 

1.00 

13.21  t  4.20 

3.00 

22.78  ±  4.02 

(1)  Plotting  on  semi-log  paper  yields  a  linear 
log  dose-response  curve 


(2)  Five  miee/test  group 
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h»r?~:;ocrit  at  the  end  of  this  period  is  68%  (average 
prehypoxia  hematocrit  48%).  Three  days  after  return  to 
ambient  pressure,  the  assay  is  begun  as  described  above. 

A  patient  with  polycythemia  was  recently  seen  in  con 
sultation  by  the  Renal  Branch.  The  clinical  usefulness 
of  erythropoietin  quantitation  is  illustrated  by  this 
case. 


Case  History 

In  November  1965,  the  Renal  Branch  was  asked  to  see 
a  patient  in  whom  polycythemia  had  been  recently  diagnosed. 
The  patient  was  a  46-year^old  whh:e  male  active  duty  Army 
sergeant  major  who  had  been  well  up  to  that  time.  Pre¬ 
vious  hemoglobin  and  hematocrit  determinations  throughout 
the  patient's  Army  career  had  be^.i  normal.  However,  in 
November  1965,  the  patient  was  found  to  have  a  hemoglobin 
of  18  gm%  with  a  hematocrit  of  60%,  WBC  8200,  platelet 
count  212,000.  Leukocyte  alkaline  phosphat  se  staining 
was  normal.  Chronium  51  red  cell  mass  was  at  upper  limit 
of  normal  and  RISA  plasma  volume  was  normal.  Pulmonary 
function  studies  showed  a  mild  obstructive  defect  un¬ 
changed  with  IPPB<  Arterial  oxygen  saturation  pre-  and  post¬ 
exercise  was  normal.  Nephrotomograms  following  the  in¬ 
travenous  injection  of  30%  Hypoque  showed  a  large  midrenal 
mess  whicn  U131U1 vbq  int  ca  iyceai  system  of  the  left  kidney 
and  appeared  to  be  of  the  same  density  as  the  renal 
parenchyma  (Fig.  1).  At  surgery,  the  patient  was  found 
to  have  a  large  renal  cyst  lying  on  the  anterior  surface 
of  the  left  kidney,  measuring  about  C  cm  in  diameter.  The 
•spirited  cyst  fluid  was  clear.  Following  aspiration, 
the  cyst  wall  was  excised  sharply  and  the  ed$e  oversewn. 
Microscopic  examination  of  the  cyst  wall  revealed  com¬ 
pressed  renal  tissue  with  many  identifiable  tubules,  most 
of  which  contained  eosinophilic  colloid-like  material. 

No  glomeruli  were  identified?  no  inflammatory  infiltrate 
was  present  (Fig.  2),  Three  weeks  fol lowing  excision 
of  the  renal  cyst,  the  patient's  hemoglobin  had  failed  to 
14.6  qm  with  a  hematocrit  of  46%  (Table  3)*  The  patient's 
cyst  fluid,  serum  and  urine  were  assayed  for  erythropoietin 
activity  in  the  hypoxia-induced  polycythemic  mouse  (Table  4). 
Erytliropoietin  ectivity  was  found  in  the  cyst  fluid  and  in 


cyst 
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Table  4.  Renal  Cyst  with  Polycythemia: 
Erythropoietin  Assay 


Material  Assayed 
Sa  1  i  ne 

Serurn  13  Feb  66 

Urine  13  Feb  66 

Renal  Cyst  Fluid  15  Feb  66 

Urine  18  Feb  66 

Urine  6  Mar  66 


%  Fe^9  Incorporation 
0.95  i  0.37 
3.73  ±  0.99 
6.96  ±  1.08 
21.91  ±  4.35 
2.24  ±  1.25 
1.47  ±  0.32 


(1)  Excision  renal  cyst  15  Feb  66 

(2)  All  specimens  frozen  immediately  after  collec¬ 
tion  and  thawed  just  prior  to  injection 

(3)  Saline;  urine:  1.0  cc  injected  daily  on  two 

successive  days 

Cyst  fluid;  serum;  0.5  cc  injected  daily  on 
two  successive  days 

(4)  Five  mice/test  group 


preoperative  serum  and  urine.  Urine  obtained  three  days 
following  surgery  showed  a  striking  fall  in  activity  to  a 
level  only  slightly  above  normal.  Three  weeks  post- 
operatively  the  urinary  erythropoietin  level  had  returned 
to  normal . 

Discussion 


During  the  past  decade,  important  advances  have  been 
made  in  our  understanding  of  the  physiology  of  erythro¬ 
poietin  and  normal  regulation  of  eryth nopoises.  The 
study  of  erythropoietin  has  likewise  provided  a  fresh 
approach  to  the  study  of  polycythemia. 

Polycythemia  Vera.  This  myeloproliferative  disorder 
is  u suaT ! y  ma n i fe s ted  by  a  pancytosisj  however,  erythro- 
cythemia  may  occur  without  associated  thrombocytosis  and 
leukocytosis.  Splenomegaly  is  a  common  finding.  Al¬ 
though  evidence  of  primary  hypoxemia  is  usually  lacking, 
Lertzman  demonstrated  that  the  arterial  oxygen  tension 
may  be  low  in  polycythemia  vera  with  no  demonstrable  co¬ 
existent  cardi orespiratory  disease  and  presented  evidence 
that  the  hypoxia  may  be  the  result  of  the  abnormality  of 
the  pulmonary  vasculature. 8  However,  conclusive  evidence 
of  hypoxia  a?  a  factor  of  etiologic  significance  in  poly¬ 
cythemia  vera  is  lacking.  Erythropoiesis  measured  by 
plasma  radioiron  turnover  rate  is  not  suppressed  by  oxygen 
inhalation  in  polycythemia  vera  as  it  is  in  patients 
with  hypoxia-induced  plethora.  The  major  question  in  this 
disorder  has  been  whether  the  inaopropriately  increased 
production  of  red  blood  cells  is  caused  by  an  exaggerated 
hormonal  stimulation  of  the  marrow,  or  does  the  marrow 
proliferate  and  differentiate  at  an  increased  rate  with¬ 
out  physiologic  regulation?  Wiile  earlier  workers  re¬ 
ported  finding  erythropoietin  in  plasma  from  polycythemia 
vera  patients,  Degcwin  and  Gurney,  using  the  plethoric 
mouse,  currently  the  most  sensitive  assay  available,  have 
never  been  able  to  demonstrate  erythropoietin  in  plasma 
from  polycythemia  vera  patients. 9  Van  Dyke  has  clearly 
demonstrated  that  erythropoietin  activity  is  routinely 
measurable  in  urinary  concentrates  in  normal  people. 
Hcwever,  patients  with  polycythemia  vera  do  not  have 
measurable  erythropoietin  activity  in  urinary 
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concentrates  JO  Phlebotomy,  usually  a  potent  stimulus 
of  erythropoietin  production,  fails  to  produce  measur¬ 
able  activity  in  serum  or  urine  in  patients  with  poly¬ 
cythemia  vera.H  To  date,  two  patients  with  polycythemia 
vera  have  been  studied  th  the  SRU  erythropoietin  assay. 

No  measurable  activity  was  found  in  the  pre-  or  post¬ 
phlebotomy  serum  of  either  patient. 

Hypoxia-Induced  Plethora.  The  patient  with  chronic 
pulmonary  insufficiency  frequently  develops  secondary 
polycythemia  as  the  result  of  an  increased  hormonal 
stimulation  of  a  normal  marrow.  Hypoxia  of  the  sensor 
organ,  presumably  the  kidney,  augments  tlie  secretion  of 
erythropoietin  which  induces  differentiation  of  stem 
cells  to  erythrocyte  precursors.  Erythrocytosi s  without 
accompanying  thrombocytosis  and  leukocytosis  is  present 
in  these  patients.  Erythropoiesi s  is  suppressed  by 
oxygen  inhalation  in  patients  with  hypoxia-induced 
plethora.  Prentice  and  Mi  rand  have  shown  that  in  rabbits 
a  significant  rise  in  erythropoietin  titer  occurs  between 
4-8  hours  from  the  onset  of  hypoxia,  reaching  a  peak  at 
24-48  hours  and  returning  to  normal  at  72  hours.  12  Siri, 
et  al.,  demonstrated  that  a  human  subject  exposed  to  low 
oxygen  tension  shows  a  maximun  erythropoietin  activity  on 
the  third  day  of  hyoxia,  followed  by  a  rapid  fall  to 
unmeasurable  levels  during  the  fourth  day. 13  Stohlman 
suggested  that  the  fall  in  erythropoietin  concentration 
with  continued  exposure  to  low  oxygen  pressure  may  result 
from  increased  utilization  of  the  hormone  by  the  activated 
marrow.  1**  However,  it  is  more  likely  that  reduction  of 
functional  hypoxia  produced  by  an  increased  red  cell  mass 
results  in  the  attenuation  of  erythropoietin  synthesis. 
Thus,  it  is  not  surprising  that  erythropoietin  activity  is 
seldom  measurable  in  serum  or  urine  of  patients  with  com¬ 
pensated  secondary  polycythemia.  However,  if  the  com¬ 
pensatory  equilibrium  is  modified  by  phlebotomy,  measurable 
erythropoietin  activity  promptly  appears  in  the  serum  and 
urine. H  Thus,  erythropoietin  response  to  phlebotomy 
may  differentiate  polycythemia  vera  from  secondary 
pol ycythemia. 

Erythrocythamia  Secondary  to  an  Ectopic  Source  of 
Erythropofeiin  Production.  Ifn  Waldman  rev^ewe# 


238  cases  of  tumors  associated  with  erythrocythemia  (Table 
5).  TWo-thirds  of  these  reported  cases  were  associated 
with  renal  pathology. 

It  appears  from  the  literature  that  erythrocythenis 
occurs  in  approximately  2%  of  patients  with  hypernephroma J 
Conversely,  1-2%  of  pol ycytheir i c  patients  are  estimated  to 
have  an  underlying  renal  carcinoma.  Lawrence  and  Donald 
found  that  renal  carcinoma  occurred  in  0.93%  of  325  poly¬ 
cythemic  patients,  whereas  the  expected  incidence  of  renal 
carcinoma  in  the  United  States  is  0.003%-*?  Many  labora¬ 
tories  have  demonstrated  erythropoietin  activity  in  saline 
extracts  of  renal  cell  carcinomas. *  5# 1 6  Reversal  of  ery- 
throcytosis  has  occurred  in  31  of  the  33  patents  with 
renal  tumors  where  the  neoplastic  lesions  could  be  com¬ 
pletely  resected.  In  several  cases,  erythrocytosis  re¬ 
curred  with  the  appearance  of  metastatic  disease. 

In  1958,  McFadzean,  et  al.,  reported  17  cases  of 
erythrocythemia  in  176  paTTents  with  primary  carcinoma  of 
the  liver, 18  Brownstein  and  Ballard  recently  added  11  new 
cases  of  hepatoma  associated  with  unexplained  erythrocy¬ 
tosis.  19  They  found  a  9.4%  incidence  of  polytythemia 
among  213  patients  with  hepatoma  at  the  Metropolitan  VA 
Hospital  'n  New  York,  which  is  similar  to  the  9.9%  in¬ 
cidence  amcnq  the  1 76  cases  reported  by  McFadzean  in  Hong 
Kong.  Erythropoietin  assays  of  plasma  have  demonstrated 
an  increased  activity  in  two  cases  and  a  norma?  activity 
in  one.  Tumor  assay  has  demonstrate!,  an  increased  activity 
in  one  case,  and  normal  activity  in  another. ?9  Since  the 
association  of  polycythemia  with  cirrhosis  is  extremely 
rare,  the  appearance  of  an  elevated  hemoglobin  in  a 
cirrhotic  i,»atient  renders  the  possibility  of  neoplastic 
transformation  very  likely. 

Nine  to  twenty  per  cent  of  patients  with  cerebellar 
hemangiobl astomas  have  associated  polycythemia.  20  In 
several  cases  cyst  fluid  from  the  cerebellar  tumors  have 
shown  positive  erythropoietin  activity  **0 

There  are  several  reported  cases  of  hydronephrosis 
associated  with  erythrocytosis.  Jaworski  and  Wolan 
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Table  5.  Tumor*,  Associated  with  Polycythemia 


Lesion  Cases  Reported 

Renal  carcinoma  110 

Benign  renal  lesions  (cysts,  3? 

hydronephrosis,  adenoma) 

Cerbellar  hemangioblastoma  50 

Uterine  fibroma  15 

Adrenal  cortical  carcinoma  or  8 

hyperpl asia 

Ovarian  tumors  7 

Hepatoma  7 

Pheochromocytoma  3 


-f  - 


^es'.  r  i  bee)  a  young  man  with  a  huge  hydronephrot  i  c  kidney  and 
severe  ery throcy tos i s . 2 1  The  hydrcnephrot ic  kidney  ..  , 
drained  and  decompresse  hrcugh  a  ureteral  catheter  for  12 
days  and  then  nephrector  was  performed.  In  this  patient, 
decompression  of  the  hydronep^rot i c  kidney  resulted  in  the 
withdrawal  of  the  stimulus  to  excessive  ery thrcpo i es i s  as 
rapidly  and  effectively  as  might  be  expected  following  nepn- 
rectomy.  Seven  of  nine  cases  of  polycythemia  and  hydro¬ 
nephrosis  reviewed  by  these  authors  had  remission  following 
nephrectomy.  One  of  three  had  positive  erythropoietin  in 
plasma;  hydronephrot ic  fluid  was  negative  in  the  one  patient 
assayed.  Toyama  and  Mi tus  produced  ery throcy tos i s  in  63%  of 
rabbits  with  experimental  unilateral  hydronephrosis. 22  This 
phenomenon  was  correlated  with  pressure  atrophy  of  the  renal 
medulla.  Van  Lessen,  ejt  aj_.,  were  able  to  produce  erythro- 
cytosis  in  dogs  by  partial  unilateral  renal  vein  ligation  and 
concluded  that  t!;.=  engorged  kidney  produced  ery thropo iet i n . 23 
These  studies  all  suggest  that  increased  intrarenal  pressure 
may  somehow  trigger  erythropoietin  production.  An  alternative 
explanation  would  be  that  tissue  ischemia  produced  by  increased 
pressure  is  the  stimulus  for  erythropoietin  release. 

In  I960,  Nixon,  et  a_L  ,  reported  the  first  case  of  poly¬ 
cythemia  associated  with  a  simple  solitary  renal  cyst. 2^  Saline 
extract  of  the  cyst  wall,  which  contained  only  a  single  layer 
of  cuboidal  epithelium,  demonstrated  erythropoietin  activity 
as  did  the  cyst  fluid.  Since  that  time  there  have  been 
several  additional  reports  of  reversible  erythrocythemi a  re¬ 
lated  to  renal  cysts.  In  1963,  Rosse  assayed  cyst  fluid  from 
nine  patients  with  renal  cysts. 25  Three  of  these  patients  had 
normal  hematocrits,  six  had  polycythemia.  The  renal  cyst  fluid 
from  the  three  normal  patients  showed  erythropoietin  activity 
while  the  renal  cyst  fluid  from  three  of  the  six  polycythemic 
patients  showed  erythropoietin  activity.  The  authors  con¬ 
cluded  that  the  only  certain  evidence  of  a  causal  relation¬ 
ship  between  erythropoietin  renal  cyst  fluid  and  poly¬ 
cythemia  is  remission  of  the  polycythemia  on  removal  of 
the  cyst.  Plzak  obtained  cyst  fluid  from  20  random 
patients  undergoing  renal  cyst  decompression,  26  Only 
one  of  these  patients  was  polycythemic.  Nevertheless, 
nine  of  the  20  patients  studied  showed  erythropoietin  ac¬ 
tivity  in  the  cyst  fluid,  indicating  that  erythropoietin 
may  be  produced  in  renal  cysts  without  causing  polycythemia. 

The  presence  of  erythropoietin  in  cyst  fluid  suggests 


either  that  erythropoietin  is  formed  by  the  cyst  wall  or 
concentrated  from  the  serum.  Renal  cysts  iiave  been  shown 
to  concentrate  creatinine  against  a  gradient  between 
the  contents  of  the  cysts  and  the  serum.  However,  if 
renal  cysts  merely  concentrate  erythropoietin  made  else¬ 
where.  one  would  not  expect  to  observe  remission  of  poly¬ 
cythemia  after  extirpation  of  the  cyst.  It  is  more  likely 
that  the  cyst  is  the  site  of  erythropoietin  production. 

While,  there  is  abundant  evidence  that  erythropoietin 
originates  primarily  in  the  kidney,  the  site  of  production 
within  the  kidney  has  not  been  conclusively  determined. 

The  juxtaglomerular  apparatus  would  seem  a  logical  source 
of  erythropoietin  production  within  the  kidney  since  these 
specialized  secretory  cells  have  a  proved  endocrine  func¬ 
tion.  Hirashima  and  Takaku  demonstrated  that  when  rats 
were  rendered  anemic,  whether  by  bleeding  or  by  adminis¬ 
tration  of  phenyl hydrazi ne,  the  juxtaglomerular  index 
increased  significantly. 27  when  rats  were  made  poly¬ 
cythemic  by  transfusion,  the  juxtaglomerular  index  was 
significantly  reduced.  Hansen  demonstrated  that  con¬ 
striction  of  one  renal  artery  in  rabbits  caused  a  marked 
increase  in  juxtaglomerular  granules  in  the  clamped 
kidney;  one  animal  developed  erythrocythemia.28  Takaku, 
et  al.,  subsequently  demonstrated  that  unilateral  con¬ 
striction  of  the  renal  artery  resulted  in  an  inmediate 
increase  in  erythropoietin  titer  and  reticulocytosis  in 
in  rabbits. 29  However,  Goldfarb  and  Tobian  showed  that 
hypoxia  without  hypovolemia  will  not  change  the  granu¬ 
larity  of  the  juxtaglomerular  cells  in  the  rat. 30 

Fisher  performed  immunof luorescent  studies  using 
antisheep  erythropoietin  serum  prepared  in  rabbits. 3' 
Sections  of  anemic  sheep  kidney  showed  intense  fluorescence 
of  the  capillary  wells  of  the  glomerular  tufts.  No  stain¬ 
ing  was  present  in  the  juxtaglomerular  cells.  The  fluores¬ 
cence  seen  in  the  capillary  walls  of  the  glomerular  tufts 
suggested  to  the  authors  that  erythropoietin  is  either  pro¬ 
duced  or  stored  in  these  cells.  Baum,  et  al.,  using  a 
similar  technique,  showed  that  kidneys  Trom  a  previously 
bled  sheep  demonstrated  staining  in  virtually  every 
glomerulus  with  the  stain  in  intracellular  globules  in  cell: 


along  the  outer  periphery  of  the  gl omerul us . 32  No  stain¬ 
ing  was  present  in  the  juxtaglomeru’ar  area,  liver,  lymph 
nodes  or  spleen.  No  stair,  was  seen  in  normal  sheep  kidney 
This  specific  staining  could  be  removed  by  absorption  with 
commercially  purified  sheep  erythropoietin. 

Renal  explant  work  by  huirhead,  et  al.,  clearly  demon 
strated  that  erythropoietin  activity  resTcTes  in  both  the 
cortex  and  medullary  tissue. 33  These  authors  suggested  the 
tubules  as  a  logical  source  of  erythropoietin  production. 
Perfusion  of  th  dog  kidney  with  anemic  or  hypoxic  blood 
has  been  shown  to  stimulate  erythropoietin  product!  on.  3*+ 

It  is  of  interest  that  Merailuride,  a  mercurial  diuretic 
which  is  known  to  inhibit  sulfhydryl  containing  enzymes  in 
the  renal  tubules,  can  abolish  the  erythropoietin  release 
in  this  experimental  mode  1.35  This  would  also  suggest 
that  the  renal  tubule  is  somehow  concerned  with  erythro¬ 
poietin  production  or  activition. 

The  cyst  wall  of  the  patient  reported  in  this  paper 
shows  only  compressed  tubules;  no  glomeruli  or  juxta¬ 
glomerular  tissue  is  present.  A  portion  of  this  cyst  wall 
is  currently  being  propagated  in  tissue  culture  media  in 
the  Cytokinetics  Laboratory  of  the  US  Air  Force  School  of 
Aerospace  Medicine.  At  the  present  time,  this  tissue  had 
adjusted  to  tissue  culture  life  and  there  is  abundant 
growth  of  cells  which  strongly  resemble  renal  tubular 
cells.  When  sufficient  tissue  culture  supernatant  fluid 
has  been  harves.ted,  this  material  will  be  assayed  for 
erythropoietin  activity.  If  activity  is  found,  it  would 
suggest  that  the  renal  tubular  cell  is  indeed  a  site  of 
erythropoietin  production. 

Summary 

At  present,  the  most  sensitive  leliable  method  for 
determining  erythropoietin  activity  is  a  bioassay  utiliz¬ 
ing  radioiron  incorporation  into  red  blood  cells  as  a 
gauge  of  erythropoiesis  in  hypertransfused  or  hypoxia- 
induced  plethoric  mice.  Preliminary  studies  in  the  US 
Army  Surgical  Research  Unit  Renal  Laboratory  had  con¬ 
firmed  the  reliability  and  sensitivity  of  this  assay 
method. 


A  case  of  polycythemia  associated  with  a  -impie  renal 
cyst  is  presented.  Three  weeks  following  excision  of  the 
renal  cyst,  the  patient's  hemoglobin  had  fallen  to  normal 
levels.  Cyst  fluid,  serum,  and  urine  were  assayed  for 
erythropoietin  activity  in  the  hypoxia-induced  polycythemic 
mouse.  Erythropoietin  activity  was  found  in  the  cyst  fluid 
and  in  preoperative  serum  and  urine.  Three  weeks  post- 
operatively,  the  urinary  erythropoietin  level  had  returned 
to  normal . 

While  there  is  abundant  evidence  that  erythropoietin 
originates  primarily  in  the  kidney,  the  site  of  production 
within  the  kidney  has  not  been  conclusively  determined. 

This  patient's  cyst  wall  shows  only  compressed  tubules; 
no  glomeruli  or  juxtaglomerular  tissue  is  present.  A  por¬ 
tion  of  this  cyst  wall  is  currently  being  propagated  in 
tissue  culture  media  in  the  Cytokine tics  Laboratory  of  the 
U>  Air  Force  School  of  Aerospace  Medicine.  When  suffi¬ 
cient  tissue  culture  supernatant  fluid  has  been  harvested, 
this  material  will  be  assayed  for  erythropoietin  activity. 

If  activity  is  found,  it  would  suggest  that  the  renal 
tubular  ce’l  is  indeed  a  site  of  erythropoietin  production. 
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Preliminary  studies  in  the  Renal  Laboratory  of  the  US 
Army  Surgical  Research  Unit  have  shown  the  erythropoietin 
bioassay  in  the  polycythemic  mouse  to  be  a  sensitive  and 
reliable  method. 

The  purpose  ov  this  study  is  to  determine  if  measurable 
erythropoietin  activity  is  present  in  parotid  fluid.  There 
is  some  precedence  for  believing  that  erythropoietin  might 
be  found  in  a  glandular  secretion  such  as  parotid  fluid. 

In  1955,  it  was  reported  in  the  literature  that  erythropoietin¬ 
like  activity  could  be  produced  in  mice  exposed  to  anoxic  en¬ 
vironments.  This  activity  was  transmitted  to  offspring  not 
exposed  to  anoxia  by  breast  feeuing.  This  study  therefore 
suggests  that  at  least  one  glandular  secretion,  namely, 
milk,  contains  erythropoietin  activity. 

If  activity  can  be  demonstra co,J ,  the  relationship  be¬ 
tween  plasma  and  parotid  fluid  levels  of  erythropoietin 
activity  will  be  quantitated.  If  a  reproducible 


